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I. INTRODUCTION AND BACKGROUND

In its responsibility for national security the Army recruits and
trains thousands of individuals each year, with number and quality of
recruits determined by both requirements for readiness and avallable
resources. Clearly, a brighter and more highly trained force will require
additional resources. The policy question currently under debate is: what
level quality of manpower is optimal. Evidence has been presented that
demonstrates a relationship between score on the Armed Forces
Qualification Test (AFQT) and performance under a number of condition.

This evidence comes from a variety of sources. Commanders in the
field, for example, claim a substantial improvement in readiness over the
past few years as a result of the higher quality soldiers recruited by the
Army. Analyses of both training data and job skill tests, such as those
provided in Armor et al. (1982), Defense Manpower Quality (1985),
Fernandez and Garfinkle (1985), and Horne (1985) consistently find that
soldiers with higher AFQT scores perform better than their lower AFQT

counterparts. Research on promotion speed by Nord and Daula (1986) finds
individuals with higher test scores are promoted faster, even though test
scores are not used by promotion boards. Finally, simulated combat
exercises for STINGER antiaircraft missiles (Nelson et al. 1984) and
armored tanks (Scribner et al. 1985) have provided strong evidence that

quality soldiers are cost-effective.

The argument for high quality recruits is easily made. Today's Army
requires the operation and maintenance of equipment and weapons systems
that are technologically sophisticated. In almost any likely conflict the
Army will have to rely upon the active force for readiness, deterrence,
and combat. In mobllization, the active force will be called upon to

provide the leadership and training base for the total force.



Furthermore, soldiers in combat are likely to encounter a battlefield
dominated by technological innovations, situations requiring effective
decision making, and the ability to improvise and quickly learn new
skills. Technically sophisticated equipment is likely to increase the
more difficult trouble-shooting tasks and require high quality

maintainers.

The Army, recognizing the importance of manpower quality, has made a
commitment to maintain the quality of soldiers it is presently recruiting.
However, a recent report by the Congressional Budget Office (1986) which
expresses concern over the Army's ability to sustain such success at an
acceptable cost suggests the Army's program has two principal drawbacks:
(1) the Army's program is not representative of the youth population, and

(2) the Army program is not cost effective.

The implication of the first point is that the Army's purpose is not
national security but rather a social program with other goals.
Representation only becomes an issue in a long-term mobilization scenario.
This argument appears spurious and is not addressed in this comment. The

second criticism is discussed in the following section.
II. COST-EFFECTIVENESS ISSUES

There are three parts to the cost-effectiveness issue: (1) the cost of
the Congressional Budget Office (CBO) alternatives, (2) the cost of the
Army alternatives, and (3) the productivity of the enlisted force. The

specific arguments on each issue are presented below.




The CBO Alternative Will Cost More Than Estimated

Even if one accepts the CBO's assumptions with respect to

quality/performance tradeoffs, attrition, and retention, their

alternatives are probably infeasible, and certainly much more costly than
estimated in Congressional Budget Office (1986), hereafter referred to as
the Report.

All three alternatives proposed by the CBO are, in effect, attempts to
show that we can "have our cake and eat it too." Essentlally, CBO argues
that (a) performance is more strongly related to AFQT score than it is to
high school degree status, and (b) the attrition costs associated with
increased AFQT I-IIIA non-graduate accessions are more than offset by the
lower recruiting costs and increased retention rates among this group. As
a result, all three alternatives propose substantial increases in I-IIIA
non-graduate recruits, offset by fewer I-IIIA graduates, and in two out of

three cases, promise an equal or higher I-IIIA percentage in the career

force than that which would (by their reckoning) be obtained under the
Army's 65% AFQT I-IIIA option.

If (a) is true (and it probably is) then these two alternatives would
result in an equal or superior career force than that resulting from the
more conservative of the two Army alternatives; and if (b) is true this
force could be obtained at a substantially lower cost. (The implicit
argument that the increased I-IIIA percentage offered by the Army 69%
alternative is not worth the price, and/or that the reduced career-force
quality provided under the CBO three-year-cut option is cost effective,

relies on additional assumptions, the flaws in which are discussed below).

Tables 1-3 provide the basis for the argument that the CBO
alternatives would, at best, be more costly than assumed in the Report,

and at worst, be virtually impossible to implement. Table 1 provides




projections of the AFQT I-IIIA graduate and non-graduate male population
through 1993. Table 2 shows National Longitudinal Survey (NLS)-based
propensities for 1979-1982. Table 3 compares the penetration rates among
non-graduate I-IIIAs implied by the CBO options with those for the Army
65% option. All of the assumptions in Table 3 other than those used to
derive population figures and enlistment propensities are CBO assumptions.
Table 3 shows that the most conservative CBO option ("hold the line")
implies a 69% increase over the Army program in the rate of recruitment
per population among non high school diploma graduate (NHSDG) I-IIIA's by
1991--from 6.1 percent to 10.3 percent. Note also that under the Army
program the recruitment per population rates for graduates and
non-graduates in this AFQT category is very nearly proportional to the
difference in propensities among the two groups (2.8/6.1 vs 12.1/26.8),
while the "hold the line" CBO proposal calls for a rate of recruitment
among non-graduates of roughly 5 times that among graduates in the face of
a ratio of roughly 2-to-1 in propensities. The most extreme CBO proposal
would require a 170% increase in the non-graduate penetration rate--a
10-to-1 ratio between the graduate and non-graduate rates. This proposal
assumes that by 1993, 1/6 of the entire non-graduate I-IIIA population
would be joining the Army. (The graduation rates used in our projections

are assumed to remain at 1980 levels.)

If there is any relationship at all between population size,
propensity, and recruiting costs, the marginal cost of recruiting a
non-graduate I-IIIA at these levels would clearly exceed that of
recruiting graduates, let alone the discounted cost for grads resulting
from lower attrition rates. It may also be worth noting that, if marginal
costs are roughly proportional to propensities, then the Army program is
optimal in that the ratio of recruitment rates is (approximately) egual to

the ratio of propensities.




The Costs of the Army's Program are Overstated

The CBO Report identifies recruiting, turnover, and enlistment bonuses
as the three areas where most of the force cost changes will occur. In
" each area there is evidence that the assumptions used are questionable and

unfavorable to the Army.

The CBO Report shows the Army's recruiting costs rising. This
increase is due to increased Army College Fund (ACF) costs. The CBO
anticipates all additional high quality personnel will be recruited with
enlistment bonuses. In December 1985 Congress prohibited individuals from
receiving both bonuses and ACF. Thus, increased ACF costs should be

removed from recruiting costs.

Turnover cost differences among proposals appear grossly understated.
Baldwin and Daula (1984) demonstrate that, solely on the basis of lower
attrition rates, high quality manpower is cost effective. Training costs
are very high: costs include not only the expenses for instructors and
equipment, but trainee pay. Training costs for MOS 11B (Infantry), for
example, are given as $12,000, and the cost for MOS with longer training
times will be considerably higher. As Baldwin and Daula note, "it is
cheaper to man a force of 1,000 with 31.37 high-quality accessions per
month, each costing $16,500 [including recruiting and training costs],
than with 40.2 low-quality accessions, each costing $13,200" (p.108). The
CBO Report assumes that "In the category of turnover-related costs, about
one-half consists of the variable expenses of training recruits: these
include civilian salaries, ammunition, and maintenance of installations,
but not the salaries of military trainers. CBO estimates these costs
average about $1,600 a recruit" (p. 68). Given that the CBO analysis
understates true training costs by a minimum of $10,000 and attrition
increases by up to 5,400 in the CBO alternatives, then turnover costs are

underestimated by over $54 million.




An alternative analysis of the attrition impact would be to examine
the proportion of the force that contributes to the operating strength of
the force. Even if attrition had no effect on the training base it will
reduce the force's operating strength. The higher attrition of the CBO
alternatives would substantially reduce the productivity of the force,

because far fewer soldiers would be in units.

The CBO study does not state what enlistment bonus elasticities were
used to compute bonus costs. This assumption is critical to estimate the
costs of enlistment bonuses. Although CBO discusses at considerable
length their methodology for such bonuses and identifies the reenlistment

pay elasticities that were used, they fail to identify this key parameter.

Also, CBO does not appear to acknowledge the fact that bonuses have
been shown to increase quality manyears beyond net enlistments, since
bonuses require an additional year of service. In recent research by
Polich et al. (1986), the manyear effect of bonuses was 50 to 68 percent
greater than the enlistment effect. Bonuses would reduce future quality

accession requirements in proportion to the manyear effect.

Finally, CBO dismisses the use of educational benefits as a means to
increase quality. But there is considerable evidence that educational
benefits may be more cost-effective than bonuses. Both Fernandez (1982)
and Brown (1985) found greater quality enlistment effects than those
estimated by CBO (1982) from using the discounted present value of
benefits. An incentive program comprised of a combination of ACF and
bonuses could be much more cost-effective than a program that relies

solely on bonuses.




CBO Does Not Properly Link Quality and Productivity

The Report's analysis of the l1inks between recruit quality

(specifically AFQT scores) and career force productivity rests on three

unsupportable assumptions: (a) that either the contribution of individual

quality to unit performance is independent of where in the unit's
hierarchy high-quality individuals are located, or experience is a perfect
substitute for innate ability; (b) that the elasticity of the value of
soldier performance with respect to the "quantity" of soldier performance

is 1; and (c) that this elasticity is constant over-a soldier's entire

career.,

The first of these assumptions is implied in the arguments made on
pages xvi, 36-37 with respect to the relationship between individual and
unit performance. The Scribner et al.(1985) study cited in both places
did indeed suggest that tank crew performance was not significantly
affected by the AFQT score of the loader and driver. This cannot, however
be taken as support for the argument that a unit with a 50-50 mix of low
and high-quality soldiers will perform as well as one made up entirely of
high-quality personnel. Rather, it shows that units led by high-quality
soldiers perform better than those led by low quality soldiers. If the
Army were able to recruit leaders (as opposed to ngrowing" them), this
might provide an argument against recruiting large numbers of high-quality
soldiers into entry-level jobs. Since this is not the case, and since this
study also suggests that it is quality specifically, rather than
experience that makes the difference, it does not provide support for a
reduction in recruit quality. The other studies cited on both the
{ndividual vs. unit performance 1ssue and the question of experience Vs.
ability fail to address the issue of leadership, and focus instead on the
effect of experience on the acquisition of specific skills which, over the
course of a soldler's career, become less important than leadership

abilities and the capacity to deal effectively with problems that have not




previously been faced. Finally, the Rand study cited in support of the
role of experience as a performance predictor among tank crews relies on
studies previous to the Grafenwoehr analysis where experience had a
powerful effect because it served as a proxy for previous exposure to the

training course -- i.e., as a proxy for practice on the same test.

The second assumption is implicit in the Report's comparisons of
alternative policies that involve tradeoffs between costs and expected
performance. The Report ignores the limitations imposed on any analysis
of this type by the lack of information about the marginal value of
performance. In effect, it notes that the value of performance is not the
same as the "quantity" of performance (para. 1, page xviii), and then
proceeds with the analysis as if, in the absence of a measure of this
value, simple comparisons of changes in marginal costs to changes in

marginal output were a reasonable alternative.

An example may illustrate this point. It could be argued that one
measure of performance for an alrcraft mechanic is the percentage of
aireraft which is successful in reaching a given destination. A 99
percent success rate might be considered to be quite low if 1 out of every
100 aireraft were to crash. If all crashes could be eliminated by
increasing training time by 2 percent, or by increasing bonuses by 2
percent, this might appear to be cost-effective, particularly if you were
required to use these aircraft., By CBO standards such a program would not
be cost-effective because the 2 percent increase in cost would be compared
to a 1 percent increase in performance, despite the fact that the value of
the increase in performance might substantially exceed the absolute
increase in cost. The assumption underlying the entire CBO analysis is
that a percentage increase in performance can be directly compared to a

percentage increase in manpower cost. This assumption is quite weak.




In fact, the lack of a means for transforming marginal performance
into marginal value means that the only meaningful comparisons among the
costs and benefits of alternative policies are those among policies that
are "pareto optimal" and those that are not -- that is, if policy X yields
the same or better long-term performance than policy Y and policy X is
cheaper, then X can be sald to be preferred to Y. On the other hand, if X
produces a 1% improvement in performance while Y yields a 2% improvement,
but costs ten times as much, then the relative merits of the two pblicies
can not be compared on the basis of their comparative costs, unless one is
willing to make strong assumptions about the dollar value of a one-percent
change in performance. (The example for aircraft mechanics addresses this
point. They are both Pareto optimal.) A reasonable argument can be made
that the best information we have on the relative value of the incremental
improvements in performance comes from the judgements of commanders in the
field, and those judgments are unanimous in their support of more, rather

than less, ambitious quality goals.

The third assumption -- that the value of performance is constant
across career levels -- is implicit in arguments about the tradeoffs
between experience and ability. The point here is that a given increment
of performance must, in the absence of strong (and perverse assumptions),
be more valuable (or costly) at higher levels within the organization than
1t is at lower levels. The extent to which a soldier's actions affect the
performance of other soldiers increases with rank, as does the costliness
of errors. Thus, even if it is true that the relationship between AFQT
score and performance diminishes over time, it is entirely possible that
the value of that diminishing increment of performance is increasing. It
is virtually certain that the reduction in value is less than the

reduction in marginal effect.




The argument on page xvii of the Report's Summary relies in a
particularly fundamental way on these assumptions. In order for higher
recruit quality to lead to a diminution in the performance of the career
force, it would have to be true that the ratio of the marginal value of
experience to that of quality in the career force be greater than the
(absolute value) ratio of the positive effect of increased recruit quality
on the quality of the career force to its presumed negative effect on the

average experience level of the career force.

10




PROJECTED 17-19 YEAR-OLD POPULATION BY

TABLE 1

GENDER, AFQT LEVEL, AND HIGH SCHOOL DIPLOMA STATUS

*numbers in 1000's

. FEMALES 1986 1987 1988

I-IIIA GRADS 2266.2 2291.1 2332.2
NONGR 164.5 166.2 169.1

IIIB-V GRADS 2176.5 2194.3 2232.9
NONGR 736.0 T41.5 754 .4

MALES

I-IIIA GRADS  2362.1 2393.8 2439.3
NONGR 229.4 232.3 236.6

IIIB-V GRADS  2061.7 2083.0 2122.6
NONGR 902.3 911.2 928.6

1989

2272.7
165.5

2190.1
T42.8

2379.9
231.3

2083.6
914.0

1990 1991 1992 1993
2161.7 2029.5 1993.1 1971.1
158.6 150.3 148.1 146.9
2109.7 2001.1 1970.8 1952.0
720.4 687.8 679.1 673.8
2262.8 2124.6  2087.7 2065.6
220.9 208.4 205.1 203.2
2006.5 1903.1 1875.8 1858.0
884 .7 843.2 832.7 825.9

Source: U.S. Bureau of the Census; National Longitudinal Surveys of Youth




TABLE 2

PROPENSITIES AMONG 17-19 YEAR-OLD MALES

BY AFQT LEVEL AND HIGH SCHOOL DIPLOMA (HSDG) STATUS

AFQT LEVEL HSDG
I-ITIA GRAD
I-IIIA NONGRAD
ITIB-V GRAD
ITIB-V NONGRAD
Source:

1979 - 1983

1979

0.124
0.268
0.254

0.376

1980

0.164
0.242
0.279

0.433

National Longitudinal Survey of Youth.

1981 1982

0.111 0.086
0.273 0.288
0.271 0.259
0.455 0.421




TABLE 3

IMPLIED CAPTURE RATES FOR HSDG VS NON-HSDG I-IIIA MALES
CBO ALTERNATIVES VS ARMY 65% PLAN

g MALE HSDG

g I-ITIA

MALE HSDG I-IIIA AcC’
MALE NHS I-IIIA AcC'
MALE HSDG I-IIIA POP':2
MALE NHS I-IIIA POP!»2
9 GMA3 POP ACCESSED

g4 NGMAY POP ACCESSED

g GMA POS PROP®

% NGMA POS PROP®

1 Numbers in 1000’

CBO
ARMY (65%) HOLD THE LINE

88.5 81.0
65.0 62.1
58.9 47.3
12.7 21.5
2124.6 2124.6
208.4 208.4
2.8 2.2
6.1 10.3
12.1 12.1
26.8 26.8

S

1991 PROJECTIONS

CBO CBO
1-YEAR CUT 3-YEAR CUT

T4.0 68.0
65.6 65.7
by 4 41.5
30.1 34.3
2124.,6 2124.6
208.4 208.4
1.4 1.6
4.4 16.5
12.1 12.1
26.8 26.8

2 Projected populations from U.S. Census Bureau report prepared for the

Army Research Institute, August, 1985.

using 1979-1983 NLS data. (cf. Nord and Verdugo, 1986).
Personnel Research Group, ARI)

3 GMA=HSDG I-IIIA
¥ NGMA=NHS I-TIIA

> Average percent
propensity toward

6 Average percent
propensity toward

males

males

I-IIIA proportions calculated
Manpower and

17-19 year-old I-IIIA HSDG males with positive
military service 1979-1982 (NLS data)

17-19 year-old I-IIIA NHS males with positive
military service 1979-1982 (NLS data)

Source: CBO Report, Table C2, p. 73.
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1.0 INTRODUCTION AND OVERVIEW

During fiscal year 1988, over 160,000 experienced soldiers in
more than 350 different occupational specialties will decide
whether or not to continue their Army careers. Because the
pecuniary benefits of military service play a major role in this
choice, the characteristics of the career force in 1989 and beyond
will depend largely upon decisions made by the Army today about
the level and structure of military compensation. To find the
compensation system that will meet the Army's career force
requirements, personnel managers need reliable information on how
changes in the various elements of military compensation will
affect the career decisions of its enlisted members.

The importance of understanding the link between compensation
and retention is increased when defense budgets are constrained.
In this environment, the benefits of efficient compensation
policies, which provide the required career force at minimum cost,
can be measured directly in increased funding for other resources
needed to perform the Army's missions. ‘

Both these activities--planning for future personnel
requirements and designing optimal compensation policies--require
guantitative information on the relationship between compensation
and retention. It is not sufficient to know that increasing a
bonus will raise reenlistment rates; one has to know by how much.
Starting with the Gates Commission on the All Volunteer Force, a
large literature of empirical studies measuring the quantitative
effect of compensation changes on retention has been developed.
Unfortunately, only a few studies have focused on Army enlisted
personnel. The goal of the Prototype Army Compensation Model
project is to remedy that deficiency by developing state-of-the-
art models of the relationship between compensation and retention
for the Army career force.




The project has three phases. In the first, which is the
subject of this report, potential compensation-retention models
are developed. Starting with economic theories of individual
choice, our goal is to specify mathematical models that meet two
criteria. First, they should capture the essential features of
the retention decision for enlisted personnel, incorporating the
various elements of military compensation elements as variables.
Second, it must be possible to estimate the parameters of the
proposed models with reasonable precision using the available
data. Theoretical sophistication must be tempered, therefore, by
practical considerations.

The second phase of the project involves the estimation of
the parameters of the proposed models. Here alternative
specifications will be tested for their accuracy in predicting
retention decisions. Finally, the estimated compensation-
retention models will be incorporated in computer-based policy
analysis models in the third phase. These models allow personnel
analysts to use the results of the research without having to
become experts in the details of econometric modeling.

Section 2 of this report reviews the existing literature on
military compensation-retention models. Because our focus is on
model development, we concentrate on the theoretical aspects of
the models that have been used rather than discussing particular
empirical results. Our survey includes research from all the
services.

With the background provided by the literature review,
section 3 outlines our model development efforts. We have taken a
two-track approach in designing compensation-retention models for
the Army. Our core research effort will use the ACOL-2 model, a
refinement of the Annualized Cost of Leaving methodology that has
dominated retention research. The theoretical development of the
ACOL-2 model is described in detail in section 2. 1In section 3,
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we outline the empirical issues we will address in applying this
approach to Army retention. Because we have successfully used the
ACOL-2 methodology in modeling Navy reenlistments and DoD civilian
quit rates, we know before beginning estimation that this approach
will yield better compensation-retention models than are currently
available to Army policymakers.

The second research track is more exploratory. It seeks to
move beyond the current state of the art in the following areas:

o Developing dynamic programming approaches to compensation-
retention models that can be easily estimated.

o Linking attrition and reenlistment models in a coherent
framework for analyzing the effects of compensation on
retention behavior.

o Examining the effects of compensation policies on the
quality of the career force.

o Developing models that describe the optimal career length
for enlisted personnel.

Each subject offers potential improvements in our understanding of
the link between compensation and retention. To the extent this
promise is fulfilled, these innovations will be incorporated into
the core models developed under the first track.

All the model development efforts we have described so far
are concerned with active duty enlisted personnel. 1In addition,
we will exploit a new data source to estimate models of the link
between compensation and retention for the Selected Reserves.
Section 3 includes research proposals outlining how this topic and
the other exploratory issues will be addressed.

Empirical models, such as those that will be estimated in the
compensation models project, are more often constrained by the
type of data available to estimate the parameters than by the
applicability of existing economic theory. Recognizing this, a




substantial portion of the activity in the model development phase
. of the project has involved data collection. As a result, two new
data sets will be available for use on the project:

o Active duty enlisted longitudinal files. This data set
tracks a random sample of all AVF accessions from entry
until separation, combining information from the Defense
Manpower Data Center (DMDC), the Total Army Personnel
Agency (TAPA), and the Training and Doctrine Command
(TRADOC) .

o Selected Reserves files. This data set combines
information from the Reserves Components Common Personnel
Data System (RCCPDS) with the 1986 Reserve Components
Survey to provide an analysis resource that is superior to
personnel records or survey data alone.

We have also collected information on key policy variables, such
as Selective Reenlistment Bonus multipliers, over the AVF period.

This project brings together a solid theoretical framework
for Army retention decisions, state-of-the-art econometric
‘ techniques for estimating retention-compensation models, and a
new, comprehensive, longitudinal data base upon which to estimate
the models. This combination will offer the Army a firm
foundation on which to build planning and policy analysis models
that will better serve Army decision makers in the future.



2.0 LITERATURE REVIEW AND DESCRIPTION OF
THE ACOL-2 MODEL

The reenlistment decision -~ the decision to remain in or
leave military service -- is a particular application of the
more general economic theory of occupational choice. The ACOL-2
model of reenlistment behavior, part of the core analysis of
this project, evolves from a rich occupational choice
literature, dating back at least to Adam Smith's (1776)
discussion of compensating wage differentials.

The premise common to the economic literature concerned
with occupational choice is that rational individuals choose
among alternative occupations based upon the pecuniary and non-
pecuniary attributes of each alternative, such as current pay,
deferred pay, hours of work, location, and physical risk. The
individual acts as if he ranks alternatives in terms of the
expected satisfaction these attributes provide. He chooses the
alternative occupation, or path of occupations, that offers the
greatest satisfaction or utility over his lifetime.

Job attributes are substitutes for one another. For
example, increased pay may offset the negative characteristics
of a particular occupation such as physical risk or poor work
location. Increasing the financial rewards of an occupation,
while holding all other things constant, will increase the
probability that an individual will choose that occupation.

Models of the decision to remain in or leave military
service have importance beyond the intellectual exercise of
economic theory and practice. Reenlistment models have been
used to help formulate policy on annual military pay raises,
reenlistment bonuses, and changes in the military retirement
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system. The decision to return to a volunteer force in 1973 was
influenced, in part, by predictions of the increases in
retention that could be anticipated under alternative pay
policies. Hence, the degree of rigor with which these models
are specified and estimated, and the accuracy with which they
predict the effects of alternative policies, are of no small
concern. The costs of being wrong, in many instances, are too
large to dismiss casually.

Section 2.1 gives a brief overview of reenlistment decision
models. Section 2.2 outlines early reenlistment behavior
research. Section 2.3 describes the historical development of
the Annualized Cost of Leaving (ACOL) model. Section 2.4
critiques the ACOL reenlistment model and other related models,
while Section 2.5 introduces dynamic retention models and
describes in detail the ACOL-2 model. Appendix A further
discusses the theoretical development of the ACOL model and
the Gotz-McCall dynamic retention model.

2.1 OVERVIEW OF REENLISTMENT DECISION MODELS

With few exceptions, the underlying theoretical structure
of reenlistment decision models has remained firmly grounded in
the economic theory of occupational choice. Much progress has
been made in modeling reenlistment behavior over the past
15 years, however. This progress has occurred primarily in four
areas: (1) the extent to which institutional details are
captured in the models; (2) the sophistication of econometric
methods used in estimating the models; (3) the greater
correspondence between the underlying theory and the econometric
specification; and (4) the adaptability of relatively
sophisticated retention models for use in easily operated policy
simulation models.




The following review is organized into three historical
periods. The first period, described as the "early work",
began around the time of the Gates Commission (1970) and
continued through the late 1970s. The impetus of this work was
largely to obtain estimates of the effects of extant policy
variables, such as pay and bonuses, so that the effects of
increasing or decreasing these incentives could be evaluated for
policy purposes. This research concentrated almost exclusively
on the first-term reenlistment decision.

The second period began with the development and
application of the Annualized Cost of Leaving (ACOL) model. It
is characterized by (1) concern with the ability of a model to
simulate the effects of relatively large changes in policies,
such as the military retirement system; (2) increasing attention
paid to the relationship between the estimated model and its
underlying theory of optimal decisionmaking; and (3) recognition
of the institutional constraints placed upon Service members.
Some analysis in this period expanded beyond the first-term
decision to encompass a multi-decision framework.

The last period is described as the post-ACOL era.
Emphasis is placed on extending the ACOL methodology with
dynamic retention models of individual decisionmaking over time,
and on the economic interpretation and modeling of complex error
structures.

To fix ideas, consider the evolution in the estimated
effect of reenlistment bonuses. In some early work (e.g., Enns
1977) reenlistment bonuses entered the retention equation as
integers describing the multiples that were offered. For
example, the Zone A multiple ranged from 0 to 6. The effect of
a given bonus policy could be measured with reasonable
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precision, as long as the bonus program remained fixed.

However, this approach could not be used to estimate the effect
of a change in bonus policy, such as bonus payments in lump sums
rather than installments, an increase in the bonus cap, or
counting previously obligated service in the computation of the
award. All of these policy decisions could be answered under
the ACOL approach, where the annuitized value of the bonus is
computed.

However, the ACOL model does not distinguish between the
future retention rates of bonus-induced reenlistments and
others. It predicts that expected future manyears of service
from one who reenlists in the presence of a level six bonus are
the same as from one who reenlists and receives no bonus, other
things being equal. Models in the post-ACOL generation,
however, distinguish between these two motives for reenlisting.
By modeling the conditional distribution of unobserved "tastes"
for military service, these more sophisticated models adjust
their predictions of subsequent retention as a consequence of
past compensation policy.

2.2 EARLY REENLISTMENT RESEARCH

Some of the earliest work on enlisted retention behavior
was that done for the Gates Commission. The decision to return
to a volunteer force rested, in part, on the budget cost of
increasing retention and lowering the demand for accessions
under a volunteer force. Hence, an estimate of the increase in
reenlistments that could be anticipated under alternative pay
policies was needed. Grubert and Weiher (1970) estimated
reenlistment equations for first-term Navy enlisted personnel
using a functional form that was linear in the natural
logarithm; Wilburn (1970) estimated the effects of the draft and
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pay on the retention of first-term Air Force enlisted personnel
under a logit specification; and Nelson (1970) analyzed first-
term Army reenlistments using a log-linear specification.

This early work clearly established the empirical
relationship between enlisted retention decisions and key
variables such as military pay, potential civilian earnings, and
draft pressure.l While it was an excellent beginning, much
room was left for further research. The analyses considered
only the first-term reenlistment decision, using data on
reenlistments grouped by occupational categories. Data
limitations, computational cost, and the state of econometric
methods undoubtedly precluded more ambitious efforts. Specific
problems included: (1) the empirical specifications of the
models, while plausible and generally related to the theory of
occupational choice, were not derived rigorously from an
underlying utility maximization framework;2 (2) insufficient
attention was paid to the institutional details of the military
personnel system, such as the distinction between reenlistments
and extensions; (3) the functional forms chosen for estimation
often were less than ideal;3 (4) the horizon over which
military and civilian pay were compared, while reasonable, was
arbitrary; (5) the problems created by censoring and selectivity
bias were not yet appreciated in the economics and econometrics

T N ; . T . LY LA IR TUER R I
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lThis last variable can be interpreted as an early attempt to
account for the underlying taste distribution of potential
reenlistees, a theme that receives increasing attention in the
later literature.

2An exception to this is a paper by Altman and Barro (1970)
on the supply of officers, which presents a theoretical model of
the decision to enter military service much like that found in
the more recent retention literature.

3For example, some did not constrain the reenlistment rate to
lie within the unit interval. Others placed constraints without
theoretical reason.




literature; (6) the coefficients estimated were accepted as
structural coefficients from a supply equation without
addressing the possibility of simultaneity bias;4 and (7) the
models were estimated using grouped data resulting in loss of
information and possibly aggregation bias.>

Enns (1975, 1977) estimated the effects of variable
reenlistment bonuses and selective reenlistment bonuses for
first-term personnel in all Services. While the work did not
represent a significant advance over previous efforts, it dia
produce estimates of the effects of bonuses on reenlistment
rates that were used by defense analysts through the early
1980s.

Overall, research on reenlistment behavior through the mid-
1970s made no major advance in theory, scope, or technique.
Estimated military pay elasticities derived from the empirical
results of this period are summarized in Table 2-1.

In general, these models examined only the first-term
reenlistment decision using grouped data. They were specified
as rather ad hoc models, though the included variables are
consistent with occupational choice theory.

4For example, rational allocation of variable reenlistment
bonuses would suggest the possibility of simultaneity bias.

SMuch of the work has stood the test of time quite well,
however. For example, based upon the analysis of first-term
retention in the Army, it was predicted that Army would achieve
a career ratio (percentage of the enlisted force with more than
4 years of service) of 46.4%. The actual career ratio at the
time was about 29%. In FY85, the actual career ratio was about
46%!




Table 2-1

Early Models of First Term Reenlistments

Pay

Elas-
Author Period Service ticity
Nelson (1970) 1968 Army 2.4
Wilburn (1970) 1968 Air Force 2.4
Grubert and Weiher (1970) 1968 Navy 2.2
Kleinman and Shughart (1974) 1965-1972 Navy 2.2-4.2
Enns (1977) 1971-1973 All 2.0

2.3 ANNUALIZED COST OF LEAVING (ACOL) MODEL

The first major departure from the early literature was the
development of the ACOL model by Nelson and Warner.® The
major contributions of the model were that (1) it provided a
rational basis for determining the horizon over which military
and civilian pay are compared, and (2) it related the estimated
retention equation more directly to individual utility-
maximizing decisions. Prior to the development of ACOL,
expected military and civilian pay entered retention models
either as a ratio or a difference computed over an arbitrary
period, such as 1, 4 or 15 years. The ACOL algorithm selects,
over all possible "horizons" or future leaving points, the
horizon that maximizes the annualized difference between the
pecuniary returns to staying and the returns to leaving
immediately.

6See, for example, Enns, Nelson, and Warner (1984).
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Related to this was an attempt to derive the reenlistment
equation directly from assumptions concerning individual utility
maximization. Though the degree of success in this regard is a
matter of some debate, the ACOL model and the literature it has
generated ensure that consistency with utility maximization is a
criterion by which all work in this area will be judged.

The importance of comparing pay over the correct "horizon"
is apparent when evaluating the effect of a change in the
military retirement system on first- or second-term
reenlistments.’” The military retirement system offers those
who entered prior to 1980 an annuity of 50% of basic pay for
life to those who leave after completing 20 years of military
service. Those who leave prior to completing 20 years receive
nothing.

The predicted effect of a change in the retirement system
depends on whether the horizon for comparing expected military
and civilian compensation at a particular reenlistment decision
point extends to the 20-year point. If it does not, the model
would predict no effect on reenlistments at that decision point.
Prior to ACOL, these horizons were determined in an ad hoc
fashion, depending upon the problem at hand. In ACOL, the
horizon is endogenously determined by the time paths of military
and civilian pay.

A logit specification of the model was first estimated by
Warner (1979), using grouped cross-section Navy data from YOS 4
through 16. This procedure resulted in reenlistment pay
elasticities of between 2 and 3 at the first-term point.
Chipman (1979) and Enns, Nelson, and Warner (1984) have also
estimated the model in this manner, with similar results.

71n fact, ACOL was developed to analyze exactly this problem.

2-8




Since its formulation, versions of the ACOL model have been
applied to several services and to a number of different
problems. Warner (1982) estimated a sequential logit version of
the model for both the first-term and second-term reenlistment
decision in the Marine Corps, using grouped data over the period
FY77-78.8 A reenlistment was defined as a commitment of an
additional 3 years or more and an extension was defined as a
commitment of less than 3 years. Warner first estimated the
probability of staying; then estimated the probability of
reenlisting or extending conditional on staying. Hence the
decisions were structured as a sequential process. The first-
and second-term equations were estimated separately. He found
that pay elasticities with respect to the stay decision were
generally in the range of 1-2 at the first term, and in the
range of 1-3 at the second term. The elasticities varied
depending upon occupational category. 2ulli (1982) estimated a
sequential logit model for enlisted personnel in the Navy making
their third reenlistment decision. He found an all-Navy pay
elasticity of about 0.64.

Warner and Goldberg (1982) examined first- and second-term
reenlistments in the Navy over the period FY74-80. A
conditional logit model was used to estimate the probabilities
of reenlisting and extending versus leaving the Navy, at each of
the two decision points independently. Their conditional logit
formulation improves upon the sequential decision model assumed
in the Marine Corps analysis.® Using grouped data, Warner and

8A potential weakness of the sequential logit model is that it
assumes that unobserved factors influencing the stay-leave
decision are independent of the unobserved factors affecting the
reenlist-extend decision.

9The conditional logit model, however, is a poor choice in the
analysis of extensions versus reenlistments because it
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Goldberg found pay elasticities for the stay decision of 1.12 to
2.72 at the first-term decision point and 0.94 to 3.78 at the
second term. Somewhat surprisingly, given the differences in
method, these elasticities were in the same range as those found
in Warner (1979).

Other variables in the Warner-Goldberg (1982) model
included a measure of expected sea duty and a measure of the
civilian unemployment rate. The effects of these variables were
in the hypothesized direction. Longer expected durations of sea
duty were associated with lower retention rates, though the
effect was estimated imprecisely. A one-percentage-point
increase in the civilian unemployment rate was estimated to
raise the first-term retention rate by about 0.8 to 6.5
percentage points and the second-term rate by about 0.2 to 4.1
percentage points, depending on the occupational category.
Finally, the first-term bonus received by those facing their
second-term reenlistment decision was included as an explanatory
variable. It entered with a negative sign. The interpretation
is that large first-term bonuses induce those with a lower
average "taste for service" to reenlist. Hence, this group will
reenlist at a lower rate than an otherwise similar group which
did not enjoy a first-term reenlistment bonus. Inclusion of the
(lagged) first-term bonus at the second reenlistment point is an
ad hoc method of adjusting for the "taste" distribution, the
importance of which is discussed in Section 2.4.

constrains reenlistment bonuses to reduce extensions by the same
percentage that it reduces losses. Goldberg (1985) provides
evidence that reenlistments and extensions are close
substitutes. Hence, the conditional logit model's "independence
of irrelevant alternatives" assumption may be particularly
inappropriate to an analysis of reenlistments versus

extensions.




Daula (1981) was critical of the early ACOL model work.
His major points were: (1) the ACOL variable was inconsistent
with risk aversion; (2) previous estimates of the civilian
earnings opportunities in the model did not account for
selectivity bias; and (3) additional nonpecuniary factors should
be included in the formulation of the ACOL model. Daula
estimated an occupational choice model of the individual
reenlistment decision of Army combat arms personnel who enlisted
after FY73 and reached the first reenlistment point over the
period FY75-80. His model was similar to ACOL, except that the
financial incentive to stay was measured as the difference in
the natural logarithm of military and civilian earnings. This
specification is consistent with diminishing marginal utility of
income.10 civilian earnings opportunities were estimated
jointly with the reenlistment equation using a maximum
likelihood procedure that also adjusted for selectivity bias.
His estimated pay elasticity for the combat arms personnel was
small, on the order of 0.25.

2.3.1 Recent Research Outside the ACOL Framework

This section reviews selected research on the enlisted
retention decision that is outside the basic ACOL framework.
Section 2.4 follows with an explicit critique of ACOL and an
exposition of alternative models that purport to satisfy some of
the major concerns of the critique.

10paula employed the logarithmic transformation of earnings
because it is consistent with diminishing marginal utility of
income and, therefore, risk aversion. Individuals are described
as risk averse if they are willing to pay a positive amount to
receive with certainty the mathematical expectation of a gamble,
rather than the random outcome of the gamble. He did not,
however, attempt to measure the riskiness of alternative pay
streanms.




Rodney et al. (1980) estimated models of the first- and
second-term reenlistment decisions in the Navy using data from
the period 1973-1979. Cross-sectional and time-series
observations were pooled by skill in a variance-component model
that accounted for unobserved skill-specific and time-specific
effects. The study is distinctive in that two wage variables
were specified in the same equation -- one for a horizon of 4
years and another for a longer horizon extending to the
retirement vesting point -- presumably letting the data itself
provide the implicit weights to the two career paths. A "total"
pay elasticity of about 2.3 was found.

Hosek and Peterson (1985) estimated a trichotomous logit
model for both the first- and second-term retention decision
using grouped data from all the services over the period FY76-
81. The choices analyzed were reenlist, extend, or leave. The
study is reminiscent of Warner and Goldberg (1982), but the
model is clearly outside of the ACOL framework for (at least)
two reasons. First, the pay variable was specified as an index
of current military pay relative to civilian pay, and the
reenlistment bonus entered as a separate variable. There is no
financial variable analogous to a "cost of leaving". Second,
the specification is unrelated to the random utility model of
choice behavior implicit in the conditional logit model used by
Warner and Goldberg. In the Hosek and Peterson specification,
the reenlistment bonus was entered explicitly in the extension
versus leave equation even though those who extend do not
receive a bonus. Hence, while this logit specification suffers
less from the "independence of irrelevant alternatives"
assumption, it cannot easily be related to an underlying model
of utility maximization.

A major contribution of the Hosek and Peterson paper is the
explicit treatment of potential simultaneity bias in estimating
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the effect of reenlistment bonuses on retention. As noted by
Enns (1977), the estimated effect of bonuses on retention may be
subject to bias. Effective bonus allocation will tend to target
bonuses to skills where retention is poor. However, if bonus
allocations are a function of the reenlistment rate, or if there
are unmeasured factors affecting both retention and bonus
allocations, then the estimated effect of bonuses on retention
will be biased downward. Hosek and Peterson provide a solution
for this problem by measuring the explanatory variables as
deviations from their means.ll The estimated pay elasticity
with respect to retention was 3.8 at the first-term decision
point and 1.7 at the second term.

Lakhani and Gilroy (1986) also specify a trichotomous logit
model of first-term retention decisions in the Army. It is
estimated using cross-sectional micro data from FY80-81. The
specification of the wage and bonus variables was similar to
that of Hosek and Peterson, except that the effects were
permitted to vary by career management field (CMF). Reported
pay elasticities with respect to reenlistments ranged from about
1 to 15 across CMFs.l2

1ll7his procedure, in effect, is analogous to a variance-
components model. For some reservations about the procedure,
see Hausman and Taylor (1981).

12pjease note the emphasis on "reenlistments". It is
increasingly clear that one must distinguish reenlistment from
retention elasticities when interpreting pay or bonus
coefficients. In general, the "reenlistment" elasticity with
respect to bonuses will be much greater than the "retention"
elasticity. 1In the early literature, this point was not often
recognized, perhaps because extensions have become a significant
proportion of total "stayers" only recently. Bonuses induce a
large number who would have extended to reenlist. Hence,
reenlistment elasticities will be larger generally than
retention elasticities.




2.4 CRITIQUE OF ACOL AND RELATED MODELS

The most comprehensive critique of the structure of the
ACOL model is found in Warner (1981) and Fernandez, Gotz, and
Bell (1985). The points raised by these papers apply to a much
broader class of models than ACOL, however. We divide the
critique of ACOL into three areas: (1) failure to account for
the distribution of unobserved individual-specific factors
affecting retention, which we have summarized as the "taste for
service"; (2) short-comings in capturing the interaction between
the individual's optimal decision rule and the constraints he
faces; and (3) other specific problems.

2.4.1 Unobserved Heterogeneity and Individual Decisions

Both Warner (1981) and Fernandez et al. (1985) have
described the ACOL model as being internally inconsistent in its
explanation of the pattern of retention rates over years of
service. To examine the nature of this criticism, consider the
expected rate of retention (r) at the first-term reenlistment
point:

[ o]
r(l) = Pr[( Q) > -ACOL(1)] = [ £(Q) dQ (2.1)
~ACOL(1)

All those with a "taste for service" variable, Q, less than
-ACOL(1) will leave. Hence, the taste distribution becomes
truncated at -ACOL(1l), as shown in Figure 2.1 below.




Q)

-ACOL (2)-ACOL (1)

Taste Distribution

Figure 2-1.

At the second reenlistment point for this cohort, if the value
of ACOL(2) > ACOL(1), the model implies that the second-term
reenlistment rate will be unity. More generally, the model
predicts that, for a given cohort, if:

ACOL(t)> min {ACOL(t-1), ACOL(t-2),...) (2.2)

then the reenlistment rate at that point will be 1. 1In fact,
ACOL values do tend to rise with years of service, largely
because of the retirement system, yet the reenlistment rates do
not approach unity until about the 14th year of service. Hence,
the model's prediction is inconsistent with the empirical
evidence.

Moreover, the way the model has been estimated in the past
has been inconsistent with its logical structure. If, at the
first-term reenlistment point, the distribution of the taste
component, Q, is normal, at the second-term decision point, the
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distribution of tastes will be truncated normal, with the
truncation point equal to (the negative of) the first-term value
of ACOL. The actual second-term reenlistment or retention rate,
then, will depend not only upon the second-term value of the
financial incentive to stay, but upon the first-term retention
rate (or ACOL value) as well. In the past, the model has been
estimated in a way that assumes that the distribution of “tastes
for service" at any given decision point are independent of the
distribution of tastes at prior years.1l3 It is as if the
model's structure were simply, reenlist if ACOL(t)+et > 0, where
et is identically and independently distributed over time.

An estimate of a second-term reenlistment or retention
equation that does not take into account the retention or
survival rate up to that point will be estimated imprecisely and
perhaps with bias.l4 For example, a cohort that experienced a
loss rate of 90% at the first-term point is likely to have a
much different retention rate at the second-term decision point
than a cohort which enjoyed a 10% loss rate at the first-term
reenlistment point, other things being the same. Hence, while a
model may predict well for some policy changes, its predictions
will be some increasingly erroneous as the censoring in the
taste distribution deviates from its historical pattern.

This problem is simply a manifestation of the more general
problem of "unobserved heterogeneity". Individuals differ by
unobserved or unmeasured factors. If these factors affect their
behavior in a systematic way, then the choices individuals make

13Warner and Simon (1980) estimated a second-term retention
equation and included an estimate of the ACOL value that each
cohort faced at the first term as an explanatory variable in an
ad hoc attempt to adjust for the changing taste distribution.

141f the unobserved factors are correlated with the explanatory
variables, the estimated coefficients may be biased.
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will be systematically correlated with the unmeasured factors.
In the military personnel system, individuals who remain in
military service will tend, on average, to have unmeasured
factors that increase the probability of staying, relative to
the probability of staying conditional only upon the observable
factors. Conversely, those who possess unmeasured factors that
tend to reduce the probability of staying will tend to select
themselves out of the military. Hence, the distribution of
these unobserved factors affecting retention behavior will
change in a systematic way, as a given entry cohort passes
through successive reenlistment decision points. We have called
these unobserved components the individual's "taste for
service", but it may include a broad range of factors. "Tastes"
are more than just a description of the relative employment
preferences of a military versus civilian job. They may include
any observed factor specific to the individual that affects his
employment choice. Since ACOL values tend to rise with years of
service, failure to account for the censoring in this unobserved
"taste" component will result in an ACOL coefficient that is
biased upward in a longitudinal analysis. If, on the other
hand, both the individual's financial incentive to stay and his
"tastes" are positively correlated over time, cross-sectional
estimates of the effect of compensation on second term (and
beyond) retention will be biased downward.

2.4.2 oOptimal Decision Rules, Constraints, and Choices

The previous criticism of the ACOL model centers on dynamic
behavior that is influenced by an unobserved, underlying taste
distribution. The criticism is part of a more general critique
of econometric models used for policy evaluation: observed
relationships between individuals and the environment are the
result of the interaction of individual optimizing behavior, the
constraints placed upon the individuals, and the choices or
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opportunities they face. When the constraints change, behavior
will change. According to this view, behavioral changes cannot
be predicted from econometric models that accept the original
relationship between individual behavior and the existing
constraint as a structural relationship. Initially, the
econometric model should be formulated in terms of the "deeply
embedded" parameters of tastes and technology, if one wishes to
predict the effects of large changes in the policy environment.

Lucas (1976) was among the first to make this argument in
the context of econometric models used for macroeconomic policy
evaluation. Sargent (1981) applied the observation to a more
general class of econometric models, emphasizing the point made
here that "...people's behavior will change when their
constraints change."1l® The key message of this literature is
that econometric models that implicitly accept certain policies
and the observed outcome of those policies as part of the
structural environment will, in general, be incapable of
accurate predictions when those policies change. The estimated
model may "fit well" over any particular historical episode, but
the behavioral relationships captured in the model will not
predict the effects of major policy changes well.

The treatment of the "taste for service" distribution may
be reinterpreted in the light of this observation. Estimates of
the effect of pay on second-term retention may be obtained by
estimating the equation independently of the first-term
decision. That is, the unobserved "taste" distribution may be
ignored. One may obtain a coefficient that is apparently

15sargent (1981) p. 213. At one time, this was known as the
"rational expectations critique" of econometric modeling, but
this usage appears to have faded. Sargent calls the models
that attempt to meet this criticism "dynamic, stochastic
equilibrium models".




significant and unbiased.l® However, embedded in the
coefficient is the effect that pay policy at the first-term
decision point has had on the taste distribution at the second-
term point. The model will yield reasonably good predictions
only as long as future pay policy at the first term does not
depart substantially from the policy in effect during the
estimation period. Should this not be the case, the model will
unravel.l7

Within the military retention literature, this criticism
has been applied almost exclusively to the ACOL model though it
is clear that the point is general. The ACOL model has been the
key model for estimating the effects of the type of major policy
change that epitomizes this critique -- a major structural
change in the military retirement system.l8 There are at least
two reasons why the ACOL model's estimates of such a change
should be interpreted with caution. First, current retention
behavior produced by current compensation policy is embedded in
the structural coefficients. This is the point made in this
section. Second, a radical change in the retirement system may
cause portions of an underlying taste distribution to become

relevant for the first time. Since our information concerning

16That is true only if pay policy at the first term remains
stable. If first-term pay policy, and therefore, the second-
term taste distribution, has been volatile, one may not be able
to estimate a significant second-term relationship, because the
effect of the taste distribution on second-term rates is
unmeasured.

17This point is made quite clearly in Fernandez et al. (1985),
but they do not acknowledge the similarity between this
observation and the more general critique by Lucas (1976) and
Sergeant (1981).

18The Fifth QRMC, 0SD, Navy, CBO, and others have used versions

of the ACOL model to estimate the effects of proposed changes to
the military retirement system on enlisted retention.
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this portion of the distribution may be poor, the estimates are
subject to greater uncertainty. Better modeling may be able to
alleviate the first type of problem, although we are forced to
bear the second type of uncertainty.l19

2.4.3 Specific Modeling Problems

There are several specific problems associated with ACOL as
well as with other retention models:

Single Horizon. The assumption of a single horizon over
which the cost of leaving is calculated is tenuous. It can make
‘a difference in the predictions for some types of pay changes.
Fernandez et al. (1985) discuss some of the problems caused by
neglecting pay beyond the optimal horizon, while Hogan (1985)
discusses a case where neglect of periods less than the
calculated optimal horizon may result in misleading
inferences.20 Nevertheless, for most applications the single-
horizon assumption is satisfactory and greatly simplifies the
analysis.

Simultaneous Equations 'Bias. This problem is common to
most models of enlisted retention behavior, including the ACOL
model. As discussed in Hosek and Peterson (1985), this problem
results from targeting bonuses and other special pays to skill
shortage areas.

19A frequently heard objection to simulations of proposed
policy changes is that they "...require extrapolation beyond the
range of experience over which the parameters were estimated."
Those making this point usually mean that the model has not
identified the structural parameters of the system.

20Note that the single-horizon assumption is related to the

first two critiques made in Section 2.2, and is a result of a
particular stochastic specification of the model.
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Effects of Compensating Wage Differentials. Related to the
problem of simultaneity bias is that of compensating
differentials. Warner and Goldberg (1982), among others, have
found that military occupations considered more onerous in
nature also tend to be less wage elastic. However, the
estimated effect of pay on retention in those occupations may be
negatively biased. Bias will arise if the nonpecuniary aspects
of the occupation affect retention adversely, but are unmeasured
or measured with error, and special pays or bonuses are used to
offset partially the adverse retention effects.

Individual's Personal Discount Rate. The discount rate
affects how the "cost of leaving" is measured in ACOL. With the
exception of a change in bonuses from installments to lump-sum,
there has not been the type of pay variation necessary to
measure the discount rate of military personnel.2l Hence,
reliance has been placed upon survey results (e.g., Black 1983)
and external estimates. Note that the discount rate makes the
greatest difference precisely in those types of pay changes that
have not been frequently observed.

Civilian Wage Data. The paucity of disaggregated data on
the earnings experiences of military personnel has plagued the
estimates of retention equations. The usefulness of
sophisticated econometric methods that adjust for sample
selection bias is limited by the poor quality of civilian wage
data (see Daula 1981, and Goldberg and Warner 1983).22 Daula

2lgee, for example, Cylke et al. (1982).

221n this context, the selection bias is that individuals are
making choices based upon their anticipated civilian earnings.
If these choices are a function, in part, of factors that are
unmeasured by the researcher, inferences of the potential
earnings of those who did not make the choice based upon the
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and Baldwin (1985) recently argued that "...the thrust of
reenlistment research should turn to assembling better data sets
with particular attention to the civilian earnings data for
veterans."23

Risk Aversion. There is much evidence suggesting that
individuals are risk averse. Applied to occupational choice
theory, individuals will prefer an occupation with lower
earnings dispersion to one with higher dispersion, other things
being equal.?4 Daula (1981) and Daula and Baldwin (1986) have
noted that neither ACOL nor any other retention model has
incorporated risk aversion.

Incorporation of risk aversion is not difficult in concept,
but requires strong assumptions to implement empirically. For
example, assume that individuals have a utility function that is
a quadratic in income, Y, such as U = aY-b¥Y2. Then, if
individuals act as if to maximize expected utility, E[U], the
expected utility of a given occupation is aE[Y]-bVar[Y], where
"E" is the expectations operator and "vVar" is the second
moment. Hence, occupations may be compared not only by mean
earnings, as is done in current retention models, but also by
the difference in the second moment of the distribution. The
problem in this specification would be to obtain a reasonably
good estimate of the second moment of the earnings

actual earnings of those who did may be biased. See, for
example, Warner and Goldberg (1982), Daula (1981), Daula and
Baldwin (1986), and Heckman (1979).

23paula and Baldwin (1985), pp. 212-213.

24More formally, if U(I) is the individual's utility function
with income, I, as an argument, then U'(I) > 0 but U''(I) < O.
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distribution.23 Finally, if the measures of dispersion are
constant over time, the issue of risk aversion may be moot.

2.5 ACOL-2 MODEL

The retention models discussed above are suitable for
analyzing a limited range of compensation changes. These
models, however, do not contain an internally consistent
explanation of retention patterns over an entire military
career. Therefore, they cannot be used to predict the force
structure implications of broad compensation changes that would
violate the unobserved structural factors that condition the
estimated parameters of the models. Instead, previous models
have applied ad hoc measures to control for the effects of
factors or processes not captured by the models.

This issue has been addressed by the dynamic retention
model (DRM), developed originally by Gotz and McCall (1980), and
the stochastic cost of leaving (SCOL) model, an equivalent model
developed by Warner (1981). The ACOL-2 model represents a more
recent effort to overcome the self-selection problem of the ACOL
model. It captures many of the desirable economic properties of
the dynamic retention model, while retaining the simpler
structure of the ACOL model.

These models attempt to identify a structural model of
military retention that is less dependent on any particular
pattern of past compensation and force management policy

25A1lternatively, one might assume that both military and
civilian average earnings opportunities are viewed as certain,
except that there is a probability U of being unemployed in the
civilian sector, and a probability 1-U of being employed and
earning the civilian wage W. Then, expected civilian earnings
are (1-U)W, and the variance is W2 (1-U)2u2.
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constraints and, therefore, is better suited for exploring the
effects of large changes in policy. 1In particular, these models
account for the changing distribution of the unobserved
individual-specific factors affecting retention, and derive a
stochastic time horizon as the rational reaction to uncertainty.

The ACOL-2 model is derived from the original ACOL model in
that it uses the same financial incentive variable -- the
Annualized Cost of Leaving (ACOL). The ACOL-2 model, however,
differs importantly in its handling of unobserved heterogeneity,
or tastes, that underlies the self-selection process, and by
explicit inclusion of a transitory random error affecting
reenlistment behavior at each decision point.

The ACOL-2 model thus overcomes two major shortcomings of
the original ACOL formulation. First, it provides an internally
consistent explanation of why reenlistment rates are not unity
beyond the first term of service, an erroneous literal
prediction of the simple ACOL model.26 Second, it corrects for
the selectivity bias that may result from failing to account for
unobserved heterogeneity in a multi-decision model. That is, it
recognizes that reenlistment rates will rise with years of
military service because those who stay have a stronger taste
for military service than otherwise similar persons who leave.
Failure to account statistically for this unobserved
heterogeneity may result in biased coefficients on measured
variables, such as the financial returns to staying, if these
variables are correlated with the changing taste distribution
over time.

26see Section 2.4 and the development of the original ACOL and
Gotz-McCall models in Appendix A, or Warner (1980).
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In a sense, ACOL-2 represents a compromise between the
simple, but theoretically flawed, multi-period version of ACOL
and the theoretically rigorous, but less flexible, dynamic
retention model of Gotz and McCall.

2.5.1 Derivation of ACOL-2

Recall that the decision rule for period t from the ACOL
model is to stay if:

ACOLjt + Qi > O (2.3a)

where Qj is the individual's taste parameter, and ACOLjt is the
annualized cost of leaving for the ith individual making a
reenlist-separate decision in period t. This deterministic
formulation, however, creates a problem because it excludes a
random disturbance term. Hence, if ACOLt4+pn > ACOLt for any
given cohort, the reenlistment rate in period t+n will be unity.
The taste distribution becomes truncated after the first
reenlistment point at -ACOLt, as those with tastes less than
this value leave. This literal prediction is at odds with
empirical evidence of a rising ACOL with YOS, and a reenlistment
rate that does not approach unity until after YOS 14. 1In a
multi-period case, the theoretical formulation of the ACOL model
is inconsistent with fact.

In practice, the empirical specification of the ACOL model
does not conform to its theoretical formulation. Because tastes
are unobserved, the model simply includes Qi in the disturbance

term ujt. As a result, the original model predicts a reenlist
decision if:

ACOLjt > -ujt (2.3b)
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In a one-period case, this specification does not present a
problem. But in a multi-period case, the model breaks down
because the expected value of ujt for t>1 is no longer centered
on zero unless all individuals in the initial cohort have
identical tastes. Moreover, both ACOLjt+ and ujt+ tend to rise
with YOS which implies that the estimated model parameters may
be biased.

The ACOL-2 model overcomes this problem by splitting uj¢
into an unobserved fixed taste component and a transitory random
term, ejt, distributed normally with mean zero and variance
Se?:

ujt = Qi + ejt (2‘4)

This structure of the error term is referred to as a one-factor
variance-components model. In the ACOL-2 model, an individual's
decision rule is to reenlist if:

ACOLi¢+ + Qi + ejx > 0
or,

€jt > -ACOLjt+ - Qi (2.5)

In sum, the change introduced by the ACOL-2 model can be
described from two perspectives. In terms of its theoretical
formulation, equation (2.3a), the ACOL model includes Q3 but
excludes ejt. The ACOL-2 model adds the random disturbance
term. In terms of its empirical specification, equation (2.3b),
the ACOL model does include ejt but excludes Qi because the
latter is unobservable. A major contribution of ACOL-2 is that
its empirical specification does include Qj, along with ej¢,
which is consistent with its theoretical underpinnings. This
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change introduced by ACOL-2 implies a different theoretical
development that is described below.

Assume that the cumulative distribution of ej is F(ej), and
that G(Qj) is the cumulative normal distribution of the taste
parameter. The probability that individual i reenlists at time
t is:

p(t) Prob (-[ACOLjt+Qji] < ejt}

oo

= ) d F(ejt) (2.6)

= (ACOLj++Qji)

Because of the symmetry of the normal distribution, this is
equivalent to:

ACOLji++Qj4

I

p(t) J 4 F(ejt) = F[ACOLjt +Qj] (2.7)

- 00

The probability that an entering individual survives at least to
time T is:

T T
St = I p(t) = N F[ACOLit + Qj] (2.8)

t=1 t=1

For an entire entry cohort, the survival rate through time
T is:




St = [ T  F[ACOLjt + Q4] dG(Qj) (2.9)

Note that the specification of the survival rate is the same as
that in the Gotz-McCall model, except that the financial
variable, ACOL, is used instead of the '"stochastic cost of
leaving" variable of their model.

If we assume that Qi ~ N(ug, SQZ), then g=(Q-uq)/Sq is a
standardized normal variable with cumulative density N*(g), and

Q=SQg + ug

Since ejt is distributed normally, ejt/Se is a standard normal
variable. Finally, let Z be a vector of all other factors
affecting reenlistment behavior, such as education and
unemployment rates, with B a vector of parameters to be
estimated. Making these substitutions and suppressing
individual subscripts, we can rewrite equation (2.9) as:

00 T
St = [ n F [(ACOL(t) + (Spg+ug) +BZ)] g N#(qg) (2.10)
S
- o =1 €
0o T

= ) II. F [(a1 + ag ACOL(t) + a3g +a4Z)] d N*(g) (2.11)
- o0 t=1
where aj=uqg/Se; a3=1/Se; a3z=Sqg/Sei and ay=B/Se.
Define the correlation coefficient, r, as

r = SQ2 /(SQ2 + Sez)
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Then, J;7?I:;7 =Sq/Se, which is the coefficient a3;. Hence, the
coefficient a3 in equation (2.11) measures the importance of
unobserved permanent versus transitory factors in explaining
reenlistment rates over time. When r=0 (Sq is very small and Sg
is very large), there is no permanent "taste" factor affecting
retention rates over military service.27 one could then model
multiple reenlistment decisions as if they were independent
events. Hence, the empirical specification of the original AcCOL
model, which ignores tastes, would not create problems due to
unobserved heterogeneity in a multi-period case.

When r=1 (Sq is very large and S, approaches zero),
unobserved heterogeneity or tastes dominate the effects of
transitory disturbances. Reenlistment rates should rapidly
approach unity after the first reenlistment point. Hence,
controlling for tastes in a multi-period framework becomes
increasingly important as r approaches 1. The fact that
reenlistment rates in our analysis sample rise from 25% to 65%
to 90% over the first three reenlistment points suggests a
strong underlying self-selection process.

2.5.2 Comparison of the ACOL-2 and the ACOL Models

A contribution of the original ACOL model is that it
addressed the "horizon" issue and focused attention on the
individual-specific, unmeasured factors affecting reenlistments,
the "taste" component. Unfortunately, the statistical
procedures used to estimate the model could not accommodate

27Note that if r is very small, unobserved heterogenity is not
a problem. Multi-period reenlistment equations can be estimated
from cross-sectional data.




unobserved heterogeneity (tastes) implied by the theoretical
formulation.

In a one-period model, such as an analysis of the first-
term reenlistment decision, the assumption of an unobserved
factor affecting the reenlistment decision does not create an
estimation problem. The unobserved factor is included, along
with other unobserved random components, in the error term in a
statistical model.28 But restricting analysis to first-term
decisions is very limiting from a policy and force management
perspective. However, in a multi-period model individuals who
stay will tend to have a greater taste for military service than
those who leave. Failure to adjust for unobserved heterogeneity
may thus result in biased coefficients on the measured
explanatory variables (e.g., ACOL) that are correlated with the
changing taste distribution over military service.

The ACOL model has not been estimated in a multi-period
reenlistment setting in a manner that controls explicitly for
unobserved heterogeneity. Some of the early cross-section
regressions included a year-of-service variable that attempted
to adjust for changes in the taste distribution in an ad hoc
way.22 However, it is clear from examining the structure of
equation (3.9) that panel data on accession cohorts is required
to account and test for unobserved heterogeneity, especially
when there are other time-varying explanatory variables in the
model, such as ACOL itself.

28This is appropriate as long as there is no cross-sectional
correlation in the unobserved factors and the measured
explanatory variables.

29see, for example, Warner (1979).
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The ACOL-2 specification explicitly adjusts for the effects
of unobserved heterogeneity in a statistically sound manner.
Since the ACOL values are undoubtedly correlated with the
changing distribution of the unobserved component over military
yYears, this adjustment will remove this source of bias from the
estimated ACOL coefficient.

2.5.3 Comparison of the ACOL-2 and Gotz-McCall Models

With the addition of the transitory component, the setup of
the ACOL-2 model is identical to the Gotz-Mccall model. The
major difference is the calculation of the financial cost of
leaving variable. In ACOL-2, the financial variable is the
annualized difference between military and civilian pay, where
the "horizon" (or additional years of service) is the one that
maximizes the annualized difference between military and
civilian pay. It is the financial variable found in the AcoL
model .30

In the Dynamic Retention Model of Gotz and MccCall, the
expected return to staying is calculated as a weighted average
of the returns to staying over all possible exit points. The
"weights" are endogenously determined and represent the
probability that the individual will leave at each of the
respective years of service.

The computation of the expected returns to staying at least
one more period in the Gotz-McCall formulation assumes that
individuals know the distribution of the transitory component.

30The ACOL variable is recomputed for each reenlistment
decision faced by the individual. The horizon will differ
across decision points and across individuals if the time path
of military and civilian earnings differ.
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Based upon this (known) distribution and (known) future military
and civilian pay streams, individuals compute the probability of
leaving at each possible year of continued service. This
computation of the financial incentive to stay is consistent
with rationally formed expectations of the returns to staying at
least one more period. However, estimation of the Gotz-MccCall
formulation is purchased at a price. The model is much less
tractable for policy analysis, and less flexible in
incorporating nonpay variables than is the ACOL-2 model.31

The empirical significance of the differences between the
Gotz-McCall and ACOL-2 models depends on the changes in
compensation being analyzed. For most general pay and bonus
changes, and for many types of changes in the retirement system,
they should generate similar predictions. However, for radical
changes in the compensation system, such as a restructuring of
the military retirement system, the Gotz-McCall model may
generate better predictions, at least in theory. However, since
the Gotz-McCall and ACOL-2 models are caricatures of the more
complicated real world, one cannot say a priori whether these

differences would necessarily be borne out in practice.32

3lsee chapter 3 for an elaboration of this point.

32arguden (1986) analyzed the differences in predictions of the
original ACOL model and the Gotz-McCall model for a number of
alternative policy changes. He concluded that,

"...adding a taste proxy [to the ACOL] model (which is a
function of the proportion of an entering cohort still in the
military at a particular decision point) greatly improves the
model's predictive ability [i.e., the predictions come closer to
those of the Gotz-McCall model]. Estimation of a variance-
components model along with the inclusion of a taste proxy is
likely to reduce the biases even further. Any additional
variable that explains some of the variance of the random
shocks, such as the unemployment rate, is also likely to reduce
the biases.

"The maximum regret nature of the ACOL model is the most
difficult aspect to deal with. Fortunately, most retirement
policies do not affect the second best time horizon
differentially from the best time horizon. Therefore, this

limitation does not prevent ACOL's use in analyzing the effects
of most retirement policies."




3.0 MODEL DEVELOPMENT ACTIVITIES

The literature reviewed in the previous section suggests that
there has been a significant amount of research concerning the
relationship between military retention behavior and compensation
incentives. However, as our critical review suggests, there have
been serious methodological problems associated with much of this
research. Specific problems include:

o Longitudinal microdata. Most of the models have been
estimated using grouped data at a single reenlistment
decision point. Microdata, observations on individuals,
will produce more efficient parameter estimates, and only
longitudinal microdata, data that tracks individuals over
several reenlistment decisions, can avoid the potential
bias that may result from unobserved heterogeneity.

o Unobserved heterogeneity. Unobserved factors, often
loosely defined as "tastes for military service," have a
systematic effect on retention behavior. Censoring that
occurs at the enlistment point, over the first term of
service, and at reenlistment points affects this
distribution of unobserved factors. A major shortcoming

‘ of much of the earlier work is the failure to account for
this censoring in estlmatlng the effects of pay and other
incentives on reenlistment probabllltles. Ignoring this
censoring results not only in poor predictions but biased
estimates of compensation incentives because relative
military compensation rises with tenure.

o Civilian earnings. Most prev1ous research has used
estimates of civilian earnings opportunities of military
members that are from highly aggregated civilian data,
unadjusted for sample selection bias. Use of this data in
a model of retention behavior can result in biased and
inconsistent parameter estimates due to errors-in-
variables and sample selectivity.l

o Simultaneity bias. Shifts in policy variables, such as
reenlistment bonuses, reenlistment ellglblllty criteria
and waiver policy, and attrition pollcy, often are
systematically related to shifts in supply. When this

lpaula and Baldwin (1986) have recommended that "...the thrust
of reenlistment research should turn to assembllng better data
sets with particular emphasis on civilian earnings data for
veterans..."
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occurs, it is difficult to disentangle supply from demand
effects on retention. Failure to separate these effects
will result in biased estimates of key incentives, such as
reenlistment bonuses.

0 Quality Differences. In most research, the responsiveness
of retention to changes in pay, bonuses, and other
incentives has been constrained to be the same across all
types of members. If responsiveness varies by the quality
characteristics of the members, estimates of the effects
of compensation incentives will be biased for a given
quality group. Controlling for the effects of quallty
differences in calculating military pay, but ignoring
these effects on civilian pay, may result in biased pay
estimates. The usefulness of various policy tools, such
as reenlistment bonuses, may depend upon the relative
respons1veness of high and low quality soldiers to changes
in pay.

The new modeling developments outlined in this section
address these, and other issues. The research strategy combines
advanced methodological developments with proven methods, offering
a balance between innovation and risk. The retention models
developed here should provide accurate estimates of the effects of
compensation incentives and other factors affecting reenlistment
behavior, improving the information available for policy analyses
and forecasting.

A "core" research program will be centered around the ACOL-2
model developed by SRA. This model, outlined in the previous
section, is a panel-probit model of reenlistment behavior. It is
a tractable method for accounting for the effects of censoring in
the distribution of unobserved factors affecting the member's
reenlistment behavior. It is has been previously estimated by SRA
for Navy enlisted personnel and DoD civilians, but has never been
estimated for the Army.

Using the proven ACOL-2 methodology, a basic model of the
first and second term reenlistment decision will be constructed.

Using this model, we will be able to examine policy issues such
as:




o Effect of educational benefits on first térm '?

reenlistments;

o Effects of reenlistment bonuses on first term, and
subsequent, reenlistment decisions;

o Effect that the Variable Housing Allowance (VHA) has had
on retention.

The flexibility of the ACOL-2 model and the relatively small cost
of estimating it will also allow us to explore the effects of
alternative specifications. These effects are rarely examined,
but this sensitivity analysis is important in interpreting the
results, and in understanding the differences in parameter
estimates across various studies.

A limitation of the ACOL-2 model, as discussed in the
literature review, is its "single horizon" assumption. The Gotz-
McCall dynamic retention model calculates a stochastic horizon
that is a weighted average of all possible leaving points, where
the "weights" are endogenously determined probabilities estimated
using a dynamic program. The problem with the Gotz-MccCall
retention model is that it has been extremely difficult to
estimate. Robert Moffitt's paper (Section 3.2) develops a version
of the Gotz-McCall dynamic retention model and a suggested method
of estimating this model that is much more tractable than previous
methods.

Charles Brown's paper (Section 3.3) explores the implications
for retention equation estimates and policy analysis if members of
different "quality" respond differently to compensation
incentives. This is an especially important issue during periods
of austere budgets and possible reductions in force structure.
Lower annual military pay raises may be sufficient to attract and
retain the reduced numbers of people necessary to staff the Army,
but the effectiveness of the Army will fall disproportionately
if the best people leave.




Gary Solon (Section 3.4) and John Warner (Seétion 3.5)
develop a hazard model specification for retention. A hazard
model views losses as occurring continuously over time, while the
panel-probit treats losses as occurring at discrete intervals.

The hazard model, therefore, offers the potential for modeling the
entire retention process -- attrition occurs continuously over the
enlistment contract as well as voluntary decisions to leave that
occur at discrete ETS points. This continuous time formulation is
useful because it allows the analyst to predict expected manyears
of service for military members, not simply whether they are
likely to stay or leave over a particular interval. Though often
criticized as a purely statistical approach to the retention
problem, Solon-Warner derive a hazard model and provide an
interpretation as the outcome of utility maximizing behavior.

Their model also incorporates unobservable heterogeneity effects.

Frank Stafford (Section 3.6) is concerned with estimating
unbiased civilian earnings opportunities for military members.
Using social security data on the earnings of veterans who left
military service, Stafford will estimate the civilian earnings
opportunities for those military members at a reenlistment
decision. The estimates will account for potential sample
selection bias, since civilian earnings are observed only for
those who leave military service, and will also permit the effect
of total experience on civilian earnings to depend on the mix of
civilian and military experience. His paper provides a
theoretical framework considering the optimal length of military
experience and its effect on civilian earnings. Stafford's
results will be incorporated into all the empirical work on
retention behavior of Army active duty members in this project.

From estimates of civilian earnings we turn to modeling
military earnings. In Section 3.7, D. Alton Smith describes the
essential features of enlisted compensation and presents a hazard
model of promotion times. This approach, which builds up
compensation from its components, facilitates the modeling of
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policy changes. It uses the pay table directly, given knowledge
of an individual's expected promotion points, years of service,
and dependents status, rather than estimating pay as a function of
grade and YOS. Furthermore, promotion time models are interesting
in their own right, apart from their relationship to compensation,
as they reveal the relationship between promotion speed and
performance.

Analysis of the reserve retention decision has been hampered
by a combination of an underdeveloped theoretical framework and
poor data. Paul Hogan's paper (Section 3.8) provides an
institutional and theoretical framework for analyzing the
retention decision in the Army Selected Reserve. Three choices
are considered: stay in the reserves, leave the reserves, and
enter active duty. The theoretical framework will be tested using
the data from the 1986 DoD Reserve Component Survey, and matched
data from the reserve personnel files indicating whether the
reserve member remained in his unit, left service completely, or
entered active duty service. There has been relatively little
analysis of the reserves, despite their increasing importance, and
this effort represents one of the few to combine a developed
theory of reserve retention with a solid data base.




3.1 ARMY RETENTION MODELING USING ACOL-2

Paul F. Hogan and D. Alton Smith
Systems Research and Applications Corporation



The ACOL-2 model, described in some detail in Section 2, will
be the baseline retention model in this research effort. The
economic specification of the model builds upon the occupational
choice theory framework developed in the Annualized Cost of
Leaving (ACOL) model. The econometric specification is a "panel
probit", using longitudinal microdata in its estimation.
Independent, sequential probit models of the first, second, and
higher term reenlistment decisions are implicitly nested within
the panel probit specification.

ACOL-2 formulates the financial cost of leaving in a manner
analogous to the Annualized Cost of Leaving model.l 1In this
sense, it is a single horizon model and does not improve on the
potential shortcomings of that assumption. The ACOL-2 model does
control for unobserved heterogeneity -- unmeasured, persistent
differences between individuals that affect their decision to

. reenlist. Failure to control for these differences may result in
biased parameter estimates, poor predictions and erroneous policy
conclusions in some instances.?2

The ACOL-2 model will be estimated separately for three CMFs,
one combat, one combat support, and one combat service, using
longitudinal data on individual reenlistment decisions over the
first two terms of service. The data will encompass reenlistments
over the period FY 1975 through 1986. This will represent the
first time that a model of Army reenlistment behavior has been

1 7This variable is selected from a series of ACOLs, each of
which is constructed as the present value of the difference
between military and civilian pay, annualized over its associated
horizon. The ACOL model uses the maximum ACOL value.

2Robert Moffitt's research explores feasible methods of

estimating a model that both relaxes the single horizon assumption
I and controls for unmeasured heterogeneity effects.
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estimated using longitudinal microdata covering the first and
second reenlistment decision points.

The overall purpose of this research is to provide better
estimates of the effects of personnel policies and incentives on
the soldier's reenlistment behavior. However, to obtain solid
estimates of the effects of these variables, we must clearly
understand how the estimates are affected by the ways in which we
attempt to measure them. The proven framework of the ACOL-2
permits us to focus on several important specification issues that
are typically ignored in most studies of retention and
compensation, and may have significant effects on the parameter
estimates of key policy variables and their interpretation. These
are discussed below.

Horizon Problem. What is the correct horizon to use in
calculating the financial opportunity cost of remaining in the
Army? To what extent are potential military retirement benefits
considered in the member's decision to reenlist at the first and
second terms? A choice of "horizon" defines the period over which
military and civilian compensation are compared and the financial
opportunity cost of reenlisting is calculated. This cost includes
not only foregone civilian pay while remaining in the service, but
any effect that the decision to stay will have on future civilian
earnings opportunities. A fixed horizon has obvious computational
advantages, and the "maximum ACOL" rule provides a non-arbitrary
rule for choosing the horizon length.

However, intuition suggests that the individual would admit
some positive, albeit small, probability of leaving at each
possible leaving point, due to events that cannot be anticipated
at the time of the reenlistment decision. The "stochastic
horizon" described by Gotz and McCall captures this uncertainty,
but the stochastic, dynamic program necessary to calculate pay
over the stochastic horizon has proven to be almost intractable.
Moffitt has proposed a more tractable dynamic programming approach
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that overcomes some of the theoretical limitations of ACOL and may
allow estimation of a discount rate. We will test Moffitt's
estimation procedure, and compare the results of the stochastic
horizon model to that of the single horizon ACOL-2 specification.

Civilian and Military Earnings Specifications. Members
choose between staying in the Army and entering the civilian
sector based upon estimates of future military and civilian
earnings that are necessarily imperfect. A useful working
hypothesis is to assume that expectations are rational -- that is,
military members make the best use of all available information to
project unbiased estimates of future earnings. The researchers
task, then, becomes that of building the best possible model to
project the member's future military and civilian earnings.

Individuals will estimate their potential earnings based upon
a number of factors, some of which the researcher will be unable
to measure directly. If these unmeasured factors systematically
affect the choices of military members, there is a potential for
sample selection bias. For example, if the researcher were to
infer potential civilian earnings of all military members based on
the actual earnings of those who leave, the earnings estimates may
be biased upward. Estimation of models of civilian and military
earnings that provide the best forecasts suggests that controls
for sources of bias, particularly sample selection bias, should be
imposed. Frank Stafford will estimate the civilian opportunities
of military members using data from members who have left the
service and entered the civilian sector. His estimates will
explicitly control for one source of bias -- the self-selection
revealed by the choices of the member to stay or leave.

Similarly, econometric estimates of potential military
earnings may be biased, since they are based only on observable
characteristics of those members who choose to stay. Research
conducted by Barton and Goon will attempt to adjust, at least




partially, for the sample selection bias that results from
. estimating military earnings equations based upon those who stay.

The ACOL-2 model will be used to test the sensitivity of
parameter estimates to alternative measures of the individual
member's future civilian and military earnings.

Initial Taste Distribution. The ACOL-2 model and the dynamic
retention model of Gotz and MccCall represent the only attempts to
adjust, systematically, for the effects of the censoring in the
taste distribution3 that occurs as entry cohorts move
sequentially through reenlistment decision points. However, the
versions of both of these models that have been estimated assume
that the taste distribution for each cohort coming up to the first
reenlistment decision is the same over time. Clearly, this will
not be the case. The same self-selection process that occurs at
the first term and subsequent reenlistment decision points will
also occur at the enlistment decision point.

. The taste distribution of the recruit cohorts at the entry
point will vary depending upon relative pay and economic
conditions at the time of entry and the values of various policy
variables, such as enlistment bonuses and educational benefits.
One method of accounting for this is to shift the assumption that
the initial taste distribution is the same for each cohort back
from the first term reenlistment point to the enlistment decision
point. This would imply beginning the analysis by modelling the
the enlistment decision as well as subsequent reenlistment
decisions.

3That is, the distribution of individual-specific, permanent,
. unobserved factors affecting individual retention decisions.
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Such a model would be quite costly to estimaﬁe because of the
data requirements. Longitudinal microdata would be required for a
random sample of all potential entrants for each entry cohort.4

Instead, variables likely to affect the initial
distribution of tastes, such as the aggregate civilian
unemployment rate at the time of enlistment, educational benefits
and enlistment bonuses offered as an inducement to enlist, and so
forth will be included in the model. Inclusion of these variables
will allow the taste distribution to vary among entry cohorts by
shifting its mean. The key parameters of the model will be
estimated with greater precision, and the model will predict
better. Moreover, the effect of entry incentives, such as
educational benefits and bonuses, on subsequent reenlistment
decisions is of policy interest in itself.

Dependent Variable Specification. Comparison of estimation
results in the econometric literature is frequently obscured by
subtle, often unrecognized differences in the specification of the
dependent variable. Some have specified a voluntary reenlistment
decision as being conditional upon eligibility for reenlistment,
while others have not made a distinction based upon eligibility.
Reenlistments prior to the end of the term of obligated service
(ETS) have been analyzed differently by different research
efforts, as have voluntary extensions beyond the ETS point.

As part of this project, the sensitivity of parameter
estimates to alternative specifications of the dependent variable
will be examined. 1In addition, models that expand the
reenlistment equation to a system of equations will be explored.
These models include:

4To have sufficient data for estimating the enlistment-
reenlistment model, choice based sampling techniques would be
necessary.




0 A model that adjusts for the potential endogeneity of
reenlistment eligibility.

o A multinomial choice model that expands the choice set to
include extension, and possibly retraining, in addition to
reenlistment and separation.

Additional CMFs. The estimation of retention models will be
expanded in the future to other CMFs using the best methods and
approaches distilled from our analyses of the initial set of CMFs
in the project. 1Issues to be explored in this part of the
analysis include the extent to which MOSs and CMFs can be
aggregated both in estimation and forecasting to obtain a
parsimonious set of retention equations that do not suffer from
aggregation bias.

Finally, this core retention research will be integrated with
the results of the other research efforts undertaken as part of
this project. This synthesis of proven and new approaches should
provide the best possible compensation-retention models for the
Army.




3.2 NOTES ON THE ESTIMATION OF DYNAMIC RETENTION MODELS

‘Robert Moffitt
Brown University




I. INTRODUCTION

In this set of notes, I will discuss several issues in the
estimation of dynamic retention models that are relevant for the
project. My focus will be on the first-term retention decision
to the exclusion of the second-term and later retention
decisions, in line with where I believe our efforts will focus.
In Section II I will discuss a simple model which incorporates
the self-selectivity from attrition and enlistment that precedes
the first-term retention decision. In Section III I will discuss
an extension of the ACOL2 model of the retention decision that
will allow the horizon to be stochastically determined. A
dynamic programming (DP) model will be outlined which can be
estimated relatively simply with the present ACOL2 software, or a
slight modification of it, along with an additional piece of
software that solves the DP model separately. The goal here is
to specify a model that is relatively easy to estimate but which
incorporates the main ideas of the stochastic horizon. Most of
the discussion will be econometric but I will also make some
remarks on the problems that will arise in implementation, and on

the institutional issues as I am aware of them.




IT. ENLISTMENT, ATTRITION, AND REENLISTMENT

The enlistment, attrition, and reenlistment decisions are
closely intertwined from the point of view of the individual.

The individual enlistment decision is based upon perceived
probabilities of attrition and reenlistment and the pecuniary and
nonpecuniary results of such events. Thus, future pay levels and
bonus provisions, among other things, should be expected to have
some effect on decisions even at the enlistment stage. However,
the empirical magnitude of the relevant elasticities remains to
be determined, and it may be that individual and environmental
uncertainty is sufficiently great that such elasticities are
small.

From the point of view of the econometrician, there is an
additional problem that not all the variables affecting the
decisions of the individual, or even those affecting the
decisions of the recruiter and the Army during an enlistee's
term, are known to the analyst. As a consequence, the
unobservables affecting enlistment and attrition are likely to
also affect the probability of reenlistment. This generates the
potential selection bias prgoblem attendant upon analyzing
retention decisions only for those who have completed their first
terms.

A simple model which captures these decisions is as follows:
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where the letters "e", "a", and "r" stand for enlistment,
attrition, and retention, respectively. Each of the three
equations is a standard probit equation with a vector of
determining variables (X) and a coefficient vector (g). An

individual who does not enlist is only observed to have

Yei = 0; an individual who enlists but who attrites is observed
to have Yei = 1 and Yai = 0; and individual who reenlists is
observed to have Yei 1, Yai =1, and Yri =1, With a

unrestricted covariance matrix of the three error terms and with
a normality assumption, the equation system can be estimated with
trivariate profit. The correlations of the errors represent the
influences of unobservables on the various decisions.

An alternative specification of the three error terms can be

given which relates the model to that used in the ACOL2 model:

€oi = ¥1¥j T Vei O (4)
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where g is an individual-specific error term and the a's are
coefficients on that error term. With the v assumed
independent, the system in (4)-(6) is observationally equivalent
to that in (1)-(3). However, the specification in (4)-(6) makes
a bit clearer the assumption that there are permanent differences
across individuals (tastes, nonpecuniary awards, productivity)
but that the manner in which the unobserved characteristics of an
individual affect enlistment, attrition, and reenlistment
decisions are different and change over time. Individuals may
decide they don't like the military after having enlisted, for
example; this would show up as a difference between ay and

a,e

The specification in (1)-(3) suggests that the ACOL2
sof tware (i.e., the Butler-Moffitt algorithm) may be useful in
the estimation of this model. However, while it could be used,
it is not the most efficient computational software if only three
choices are present. 1In this case, evaluation algorithms for a
trivariate normal probability are better.

Returning to (1)-(3), the simplifying characteristic of the
model is the lumping of the attrition decision into a single one.
The alternative is to attempt to model the time of attrition
within the first term by means of hazard or other techniques.
That could be incorporated here by expanding equation (2) into
one with multiple periods. However, if attrition were the
primary focus a more direct hazard approach would be preferred.

But if retention is the primary focus, the summary attrition




. specification of (2) is sufficient to incorporate possible
selection bias.

Given the data that we have, as is typical, data on non-
enlistees are not available. This creates a problem because if
(1)-(3) is the correct model and if equations (2)-(3) are
estimated on enlistees only, selection bias will result. To
eliminate that source of selection bias, the probabilities
implied by (2) and (3) of attrition and reenlistment,
respectively, can be conditioned on the probability of enlistment
and maximum likelihood can once more be applied. Unfortunately,
without data on non-enlistees, the model is not identified. A
possible solution is to use estimated coefficients from some
prior piece of research to set, a priori, the parameters in (1).
If that were done, the model would then be identified (subject to
the usual exclusion conditions--one variable must be omitted from
(2) and two must be omitted from (3)) and even the covariance
matrix parameters could be estimated.

Exactly how the X vectors in (1)-(3) should be specified
remains an issue. For example, the ACOL methodology could be
applied to the enlistment and attrition decisions just as it has
been to the reenlistment decision. Alternatively, the ACOL
methodology could be modified to allow a variable horizén and
the X variables implied thereby could be entered. In the next
section, I will consider these alternatives in the context of a
retention decision only, but they are equally applicable to

equations (1) and (2).



ITI. DYNAMIC RETENTION MODELS

In the ACOL meﬁhodology we have used in prior projects, an
individual compares the present value of leaving at each point in
time with the maximal present value of staying. The latter is
calculated as the largest present value of staying taken over all
possible future leaving dates. 1In what follows, I will allow a
variable, stochastic horizon in standard fashion by writing down
a dynamic programming model that will generate such. Then I will
describe how it can be estimated relatively easily.

Assume that at each point in time, t--for concreteness, let
us suppose that this is the end of the first term--the individual

compares the expected wealth value of leaving to that of staying.

The leaving value is Vt and the staying value is Vi, and can
be written:
L c I -t c c
V., = W, + Yy B E (W) + ¢ (7)
t t r=t+1 t' T t
S _ m
vt-w’:__‘+sEt(vt+l) + ey (8)

where WS and W? are current civilian and military pay,
respectively; g is the individual's discount rate; and T |is
the length of life. The military pay is that offered to the

individual if he reenlists, and includes bonuses, etc. Equation

(7) is just the present value of income if the individual leaves,



- plus an error term, and equation (8) is a dynamic programming

equation in which Vt = Max (Vi, VE) is the value of the optimal
program in the future.

Conditional upon V., equations (7) and (8) constitute a

probit model. Defining

T
~ i _ o C -t c
ap = Wg - Wo + BE (V) _Z B TE (W) (9)
T=t+1
_ C _ m
€y = €4 €4 (10)
we get the decision model:
Stay iff VS > VL iff a, > ¢ w. prob. F(a,Z) (11)
t t t t * t
Leave iff V° < V¥ iff a, < e, w. prob. 1-F(a,)  (12)
t t t t * t

where F 1is the normal c.d.f.

The value of the optimal program in the future is:

m
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where f 1is the normal p.d.f. Thus the value of the optimal
program is a weighted average, equal to the present value of
staying times the probability of staying plus the present value
of leaving times the probability of leaving. A third term is
also present which represents the truncated value of € in the
future, since I assume that the individual expects to continue to
draw values of €¢ in the future. Since he will always pick the
better of his two alternatives, his average €y will be greater
than zero.

The present value of staying at (t+l) is a function of the
value of the optimal program Vt+2' Equation (13) can be
recursively solved back from time period T and an explicit
expression obtained for it. When this is calculated, and when
the result is plugged back into (9), we have a probit model.

This probit model can be written out in full. Let S* be a

t

probit latent index for staying at time t. Then:

s* = W' + gE,_(V,_,) - V- + ¢ (14)

t t t't+l t t
where
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Ve =Wo + ] B E(W) (15)

T=t+l

and where the solved-out optimal program is:
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T
r.. = I F(as) = probability (at t) that
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individual thinks he will (17)
stay in military at least
until =
-1
e P [1-F(a_)] I F(a_) = probability (at t) that
tT T _ S
s=t+1
individual thinks he will (18)
stay until +t-1 and leave
at
l—F(aT) = hazard
= probability of leaving at +t conditional
upon not having left by <t-1 (19)

This formulation of the problem makes the nature of the
model clearer than is often the case. The probit index in (14)
is just a standard utility difference formulation. The decision
to stay is based upon the current wage difference (W?— WE) and

on the difference in present values of future wages. The present




- 10 -

value in the future if the individual stays has a coefficient
B, whose estimate will tell us how much individuals weight the
future versus the present.

Equation (16) shows the solved out value of the optimal
future program. It is again just a weighted value of future
military and civilian pay, each term weighted by the probability
that the individual leaves the military at different dates.

Ordinarily these models are considered extremely difficult
to estimate, but this model could be estimated relatively easily
by the following iterative procedure. First, obtain initial
consistent estimates of the probabilities of leaving and staying
at each future date, and use these to establish estimates of
(17)-(19). Second, use these estimated probabilities to
calculate a value of (16) for each individual in the sample. The
inputs to this calculation are the same as those used to compute
an ACOL value; the only difference is that a weighted present
value is calculated rather than choosing the maximum of the
present values over all leaving dates. Third, using these
estimated values in (14), estimate that equation with probit or
with the ACOL2 program if multiple decision points are
available. Fourth, using the resulting estimates, compute new
probabilities in (17)-(19). Follow the same proceduré, and
iterate to convergence.

There are at least two possible sources of the initial

consistent estimates of the probabilities. First, the ACOL2




program could be estimated first, and its predicted probabilities
could be used. Subsequent iterations would have to use the
probabilities estimated from the model itself, however.
Parenthetically, it would be of considerable interest to
determine if the predicted ACOL2 probabilities differ in any
significant way from those obtained by the convergence of this
model. Alternatively, the initial probabilities could be
obtained in the way usually obtained in maximum likelihood--by
guessing at initial values of the parameters.

Another possibility is simply using estimated ACOL2
probabilities and stopping there--i.e., not iterating. The only
disadvantage of this procedure is that one would not know if the
ACOL2 probabilities are internally consistent with the rest of
the estimated parameters of the model.

The software modifications necessary to follow this
procedure are relatively minor with one possible exception. The
ACOL2 software, or a standard nonlinear probit program, could be
used to estimate the main equation. A slight modification in the
program would be necessary to obtain correct standard errors, by
calculating numerical gradients once. However, a separate
program would be necessary to construct the probabilities, at
least after the first stage, which is not necessary now. This
would require solving the dynamic program by backwards recursion
to get the values of "a," in the model. However, this could be

simplified by specifying only a few future decision points, such
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. as five or six. A program to construct the present values in
(16) would also be necessary, but such a construction is already
necessary for the ACOL hodel. The important point is that the
construction of the probabilities and the present value variable
is performed outside the iterative estimation of the main
stay/leave equation, and hence would not involve inordinate
quantities of CPU time.

Other Issues. Whether the ACOL2 software is necessary

depends largely upon whether multiple decision points are to be
examined. If only the first-term reenlistment decision is
examined, only a single probit is necessary and hence the ACOL2
software is not needed (and individual effects cannot be
estimated anyway). If the second-term and later reenlistments
are to be examined, the ACOL2 software might be usable, but my
guess is that we will probably not examine those decision points
in detail. 1If the enlistment and attrition decisions are added,
as in the model presented in Section II, the ACOL2 sof tware could
be used but would be inefficient, as bivariate or trivariate
probit would be superior.

As the model stands, there are only two known parameters,
B and o - Just as in the ACOL2 model, the best way to relax
this is to allow the error term in equation (14), €yt to be a
function of individual characteristics. A difficulty will arise
if any of the characteristics are allowed to be time-varying, but

this can probably be addressed.
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A further relaxation of the model that might be of interest
is the allowance of a more flexible form of time discounting,
€.g., by allow the discount factor to decline at some rate other
than exponential. This would be relatively straightforward and
could be incorporated by introducing multiple B parameters.
This would allow us to test whether income values at various
future dates do or do not truly affect current decisions. As the
model stands, since there is only one 8 parameter, and it will
be estimated to be either statistically significant or
insignificant, one is forced to conclude either that all future
income (civilian pay, military pay and promotions, civilian and
military retirement) are perceived by the individual in his
current decision, or they all are not. It would be preferable to
test which, if any, do or do not affect current decisions.

Allowing a change in MOS, as in Tom Daula's dissertation,
could also be incorporated, at least in principle, into the
model. At time t there would be three decisions (leave, stay
in same MOS, change to a new MOS). A bivariate probit estimating
technique would have to replace the standard univariate probit.
The value of the optimal future program would differ according to
one's assumptions of future options. The simplest assumption
would be that the individual could not change MOS again in the
future. A complicating factor is that one would probably want to

allow civilian earnings to depend upon the MOS an individual is
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‘leaving from; this is presumably one of the reasons for changing
MOS in the first place, and why individuals are willing to forego
bonuses.

The calculation of civilian and military pay in the future
presents many issues, though none that are not also present in
the ACOL model. It is preferable to obtain both civilian and
military pay free of selection bias, for example. Also, an issue
with military pay is whether it should be assumed to be
stochastic or nonstochastic. I will not spend any space
discussing these issues, as they are secondary to the primary

modeling issues I have already introduced.



3.3 THE QUALITY DIMENSION IN ARMY RETENTION

Charles Brown
University of Michigan



Studies of enlistment and of retention offer a striking contrast in the
treatment of the “quality” of those who are enlisting or contemplafing re-
enlistment.

The standard model of enlistment behavior (Fisher (1969), DeVany
and Saving (1982), Ellwood and Wise (1987)) has the number of high-
quality recruits as being driven by supply (the Army typically will take as
many as wish to enlist), but the number of lower-quality enlistees is
rationed by the Army so that total enlistments are equal to enlistment
targets.1 Since the earliest days of the All-Volunteer Force, the policy-
relevant question for research has been the ability of the Army to attract
sufficient high quality enlistments at politically realistic budget costs. The
quality (measured by AFQT (test scores) and high school graduation) of
enlistees is a prominent part of the Secretary of Defense’s report to
Congress each year. [references]

Studies of re-enlistment (or, more broadly, re‘oen’cion’)2 pay much
less attention to the quality of those who re-enlist. AFQT and high school
- graduation are often used as control variables in predicting re-enlistment

but the quality issue is shortchanged in two surprising ways. First, the

! Daula and Smith (1986) suggest that even high-quality
enlistments reflect demand as well as supply forces.

2 «Attrition” refers to failure to complete the term of service to
which one originally committed; “extension” refers to a (typically) short
remaining in the Army beyond one’s term of enlistment without agreeing to
a longer (typically 83—4 year) term of additional service. “Retention” can
include re-enlistment, extension, or simply non-attrition.



implications of the estimates for the quality mix of re-enlistees under
alternative policies are typically not developed. (An exceptjon is Daula and
Baldwin, 1986.) It is well established that increases in military pay or
civilian unemployment rates will raise the number of high-quality enlistees
and, givén fixed force targets, the proportion of enlistees which is high
quality as well (e.g., Brown, 1985 or Ellwood and Wise, 1987). There could
well be a similar effect on retentions, but this possibility has not been
systematically explored. Second, quality continues to be measured by AFQT
and high school graduation in most retention studies, even though the Army
has observed (and to some extent conducted written evaluations of) actual
performance. (Recent studies are discussed in slightly more detail below.)

Institutional Issues

The military pay schedule (pay as a function of rank_ and time in
service) is set annually by Congress and so does not vary, except perhaps
with a considerable lag, with changes in the average quality of potential
enlistees. The Army is more active in setting quality standards for new
recruits. If, e.g., poor civilian employment opportunities produce an
unexpected increase in enlistees, enlistment standards are raised to improve
quality and avoid accepting more enlistments than are desired.

This policy of adjusting enlistment standards rather than pay means
that different “cohorts” of enlistees differ in their average level of ability
(and thus, perhaps, in the promotion prospects of an individual with given

characteristics). Moreover, changes in the recruiting environment may alter




the relationship between ability and tastes of different cohorts. For
example, an increase in the civilian unemployment rate would be expected
to improve the average quality of a cohort of enlistees, but may reduce the
average “taste for the military”, as inability to find civilian jobs leads some
otherwise reluctant individuals to enlist.

During one’s term of enlistment, pay depends only on the military
pay schedule and one’s rank (grade level) and time in service. Those who
perform better presumably earn promotions more rapidly, but within pay
grades salary does not depend on performance.

If the individual is in a military occupational specialty (MOS) facing
shortages, a selective re-enlistment bonus (SRB) is offered as an inducement
to re-enlist. The SRB is a multiple of current salary, with the multiplier
varying over time and across MOSs at one point in time. Thus, SRBs make
compensation more variable across MOSs, but do not change the
relationship between pay and performance, which remain linked only
indirectly via promotions.

SRBs are deliberately adjusted to maintain the desired flows of
qualified enlistees (Hosek and Peterson, 1985, p. 21). It appears, however,
that SRB’s are not adjusted to variations in the quality of those re-enlisting.

One inducement to enlist is educational benefits, which are available
to high school graduates (in some cases limited to those with scores in the
top half of the distribution). A top benefit of [amount] is available to those

who enlist in certain designated (combat) MOSs, while the benefit in other
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MOS:s is only [amouni:].3 These educational benefits are heavily
advertised and make enlisting more attractive to more able high school
graduates. However, they also make re-enlisting less attractive, since they
raise potential civilian earnings of separatees who qualify for benefits. If
the returns to education are higher for more able students (as [references]
suggest), the educational benefits create perverse re-enlistment incentives
among those eligible for such benefits.

In addition to individuals’ desire to re-enlist, individuals’ eligibility to
re-enlist must also be considered. There are a variety of “bars” to re-
enlistment: an inadequate GT score (a re-combination of the components of
the AFQT) or the skill qualification test (SQT), having refused a geographic
re-assignment, being court-martialed, being overweight, and having one’s
company officer take action to bar re-enlistment (Stafford, 1987). It is
possible that these standards are adjusted to offset fluctuations in re-
~enlistment flows, with greater selectivity (tighter enforcement of bars) in
periods (or MOSs) with high re-enlistment rates.* Thus, the impact of
economic conditions or SRBs or other variables on the supply of re-enlistees

would be understated if these changes in re-enlistment eligibility are

3 Benefits in earlier years, when the folks we’ll study enlisted.

4 Even if there is no change in re-enlistment standards, there might
be a similar tightening of the standards used to initiate attrition (i.e.,
generate discharges during the term of service).




ignored. One problem in doing so is that bars to re-enlistment can be
waived, but they typically will be waived only for those with an interest in
re-enlisting.

Outline of Project

My project will study retention, emphasizing the quality of those
retained, with “quality” rather broadly defined.

A generic retention model is
R=fM,C, T

where R=retention, M=military compensation (at least over the re-
enlistment period and, in principle, with some weight given to subsequent
periods), C=civilian compensation (again, in principle, including both
civilian pay immediately available and that which is expected to be
available at later future departure dates), and T stands for tastes.

Military pay depends upon the schedule of pay at various grades and
years of service, as that schedule is expected to be in the future and one’s
estimate of the likely speed of promotion (i.e., where in the schedule the
recruit expects to find him/herself). It also depends on the SRB available to
those in the individual’s MOS.

Civilian compensation depends on the general state of the labor
market (in principle, for those with education, ability, and skills similar to

those of the soldier deciding whether to re-enlist) —both wage rates and




unemployment rates. As noted in the previous section, it also includes the
educational benefits, if any, for which the individual qualifies on leaving the
service.

Tastes, of course, are even harder to quantify. Observable variables
which might be associated with the Army attracting relatively reluctant
individuals as enlistees (such as unusually high unemployment, low civilian
wages, and perhaps high expenditures on recruiters and advertising in the
area where the individual enlisted) might serve as “taste” indicators. Other
taste factors might be marital status and famib; size (spouses and
particularly children making the relatively mobile soldier’s life unattractive),
and the MOS itself. |

Various dimensions of the potential re-enlistee’s “quality” enter M, C,
and T. Presumably, promotion probabilities are higher for those whose
performance is higher. Civilian alternatives, however, are also probably
brighter for those who learned their skill well. Moreover, educational
benefits are available only to those entering certain MOSs with good
qualifications at time of enlistment — a high school diploma and top-half
AFQT scores. One’s “taste” for continuing in the military probably depends

on how much one’s work is appreciated. There is some evidence that early

promotion encourages retention, above and beyond its effect on military pay.

Finally, if the above re-enlistment equation is thought to apply to those
eligible to re-enlist, such eligibility itself depends, at least weakly, on

previous performance.




My project is based on the belief that studying the effects of various
incentives (such as SRBs) on quality as well as number of re-enlistees is
important if the Army is to achieve its goal of a high-quality all-volunteer
force. A priori, the “marginal” re-enlistments generated by increased
compensation could raise average quality (if it allows the Army to compete
for those with the best civilian alternatives) or reduce it (if it interests those
whose promotion prospects are so low that they would not otherwise
consider re-enlisting). Previous studies have tended to include diploma
information and AFQT scores as control variables, but generally have not
asked how average AFQT (or, perhaps more interesting still, average SQT)
changes in response to changes in SRBs (or other re-enlistment
determinants).

Because quality issues were usually not the primary focus of earlier
studies, summarizing and comparing their findings about how quality is
related to retention is complicated by the variety of ways quality is assumed
to influence—or not to influence—retention. In principle (and, I suspect, in
reality) high school graduation, AFQT, and other quality indicators affect

_retention by affecting civilian pay, military pay (because promotion rates
are presumably higher for more able individuals), and perhaps tastes.

However, the interpretation of e.g., AFQT in a re-enlistment® equation

5 Studies of attrition (Black and Frakker (1986), Antel, Hosek, and
Peterson (1987)) typically do not explicitly control for M and C, so their
typical finding that higher AFQT means lower attrition reflects its impact
on M, C, an T, as well as its influence on the ability to satisfactorily perform
ons’s duties '
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depends on whether it was assuxﬁed by the authors to affect military and/or
civilian pay. For example, Baldwin and Daula (1985) allow AFQT to
influence C but not M 01: T, while Daula and Baldwin (1986) allow it to
influence C and M (but again not T). Lakhani and Gilroy (1986) include
AFQT in their re-enlistment equation but not in their estimates of M and C,
so their positive effect of AFQT on R reflects a combination of all three
possible routes. Ward and Tan (1985) have no controls for pay or personal
characteristics apart from quality measures, but include promotion speed as
a quality determinant. Holding promotion speed constant, their AFQT
affects on re-enlistment presumably capture its effects via civilian pay and
tastes. Black, Hogan, and Sylwester (1987) allow AFQT to affect M but not
C and include it in their re-enlistment equation, so their AFQT effects have
a similar interpretation to Ward and Tan’s.

To further complicéte matters, Lakhani and Gilroy and Black, Hogan,
and Sylwester restrict their analyses to those eligible to enlist, while
Baldwin and Daula, Daula and Baldwin, and Ward and Tan apparently do
not. This means these last three studies’ “AFQT effects” include its impact
on the eligibility to re-enlist.

In addition to a direct interest in the quality of re-enlistees, it may
also be important to handle quality issues carefully in order to get accurate
estimates of the effects of various incentives on the number of re-
enlistments. Consider two examples. First, suppose bad economic

conditions lead to a cohort of highly-qualified enlistees. They have low



attrition rates, the Army is not very worried about enough of them re-
enlisting, and they are offered low SRBs. Although we hold constant AFQT
scores of the individuals, an individual with a given AFQT score probably
has a lower-than-average probability of promotion, because there are so
many other highly qualified competitors. Thus, re-enlistments might be low
for this cohort, and one might blame the reduced SRB for any decline in re-
enlistments which is observed, even though the true cause is the lower
promotion probability.

Second, most previous studies have ignored e]igibility_ for educational
benefits. These benefits are offered to high-quality enlistees in “hard-to-fill”
MOSs, which are also likely to have SRBs. Thus, one risks underestimating
the effect of the SRB by ignoring that it may serve to offset the incentive for
separation provided by educational benefits. Indeed, if one ignores the fact
that SRBs will go to those who could have claimed educational benefits had
they not re-enlisted, the true cost of SRBs to the Army may be overstated.

An idea of the scale and focus of the project can be gotten from Table
1, in which equations for M, C, and T are specified, along with auxiliary
equations for predicted promotion probability and SRBs. The auxiliary
equation for predicted promotion probabilities is needed because one does
not observe, ex ante, the promotion probability for an individual soldier;
instead, we must calculate an estimate of that probability, based on the

soldier’s characteristics and the actual experience of, for example, the
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immediately preceding cohort(s). The auxiliary equation for SRBs, on the
other hand, is included because I anticipate an instrumental-variable
response to the endogeneity of observed SRBs.

For concreteness, one might think of this, at least initially, as a model
for first-term re-enlistments. While my primary focus is on the quality
dimension, and therefore on “more explanatory variables”, I would try as
time permits to take advantage of the work of other team members:
Stafford on projected civilian earnings, Solon on more refined statistical
models for dealing with heterogeneity, and SRA on measuring military pay
and ACOL-2 improvements.

Data

With a few exceptions noted below, the variables described in Table 1
are available from the merged tape being produced by SRA, or can be
derived from the variables on that tape.

Military Pay variables: At the simplest level, promotion probabilities

can be gotten by tabulating actual data from the merged tape, which
documents individual promotions. A potentially serious problem with this
approach, which seems to have been ignored in previous work, is that those
probabilities (at least as calculated in this simple way) apply to those who
did in fact re-enlist, and not necessarily (indeed, probably not) to those who
might re-enlist given different pay policies, etc. Fortunately, however, it
appears that varying promotion speeds have a relatively minor impact on

military pay. Since SRB’s depend only on MOS (and vary over time), they
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can be matched to the MOS data on the merged file; I understand SRA is in
the process of acquiring a complete file of SRB by MOS (and zone) over
time. The pay schedule for each year is easily gotten. MOS demand by the

Army can be gotten from MILPERCEN’s Force Management booklet; I've

seen the March 1986 booklet, and assume a similar document exists for
other quarters.

Civilian Employment Environment and Environment at Enlistment:

These depend on year and state (the former on state at time of enlistment
and/or current location, the latter on state at time of enlistment). The more
challenging part is getting data on wages, employment, and recruiting
resources for all the years covered by the merged file. I was able to produce
such variables for 1978-84 for Brown (1985), but it was very time-
consuming.

Individual Characteristics: My understanding is that VEAP/ACF

eligibility is hidden in the field “Program Enlisted For” in the merged ﬁlé; if
not, we should be able to infer it from education, AFQT, and MOS at entry.
Marital status, dependents, education, and AFQT are on the merged file, as
are promotion points for those who reach the relevant grade level. Finally,

the SQT wvariables on the merged tape may be incomplete, but a file of SQT
scores is rumored to have been gotten from ARI.

Cohort Variables: These just involve tabulation of individual

variables.
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Thoughts on Statistical Methods

At the simplest level — and surely as a benchmark for later efforts
— one could estimate a simple logit/probit model of the; re-enlistment
decision, probably stratified by quality indicators to allow the response to
policy variables to vary with quality in a fairly agnostic way.

At a more ambitious level, we might hope to estimate a hazard model
using technology like Gary Solon’s at the conference or the panel probit of
Black, Hogan, and Sylwester. If the hazard model is “started” at time of
enlistment, there is the problem that some of the more interesting qubality
measures (SQT and promotion points) are only available for those who
“survive” long enough to have these measured. A model which handles this
sample selection is frightening to contemplate, but perhaps feasible.

Two more general problems we should discuss, though not, I suspect,
uniquely in the context of my paper are: (1) does it make sense to think of
attrition and leaving on completing one’s term as governed by the same
process? My impression is that letting the systematic part of the model
differ at re-enlistment points is probably do-ablé, but letting the
unmeasurables have different impacts is much harder. (2) should we
estimate models conditional on eligibility to re-enlist, or model this eligibility

along with everything else?
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NOTES '‘ON A DURATION MODEL WITH NONPARAMETRIC DURATION
DEPENDENCE, TIME-VARYING REGRESSORS, AND SHIFTS IN THE
DISTRIBUTION OF UNOBSERVED HETEROGENEITY

Gary Solon
University of Michigan



Notes on a Duration Model with Nonparametric Duration

Dependence, Time-Varying Regressors, and Shifts

in the Distribution of Unobserved Heterogeneity
In recent years, numerous economic researchers have developed and estimated
econometric models for analysis of duration data. These models have been applied in
studies of unemployment duration, length of welfare program participation, job tenure, and
fertility, to name a few examples. The purpose of these notes is to describe a particular
duration model that follows the recent continuous-time duration literature in adopting a
proportional hazard specification that incorporates nonparametric duration dependence and
unobserved heterogeneity. The novel feature of the model is that it allows the mean of the
heterogeneity distribution to shift as a function of variables that influence entry into the
relevant state. For example, in a data base on unemployment spells from several years,
one would expect the distribution of unobserved characteristics of the unemployed to differ
between expansion years and recession years. Similarly, in a data base on length of
service of Army enlistees, one would expect the distribution of unobserved tastes and
opportunities of the enlistees to vary with economic conditions at the time and place of
enlistment. These notes present a model that allows for such shifting heterogeneity,
discuss its potential application to length of Army service, and compare it to the existing

ACOL-2 model of reenlistment behavior.

1. Notation
Let t denote duration in the relevant state (e.g., length of service), f(t) the
probability density function of t, and F(t) the cumulative distribution function. Then
1— F(t) is the survival function, and h(t) = f(t)/[1~ F(t)] is the hazard function. The last

two functions are related by the well-known identity




1~F(t) = exp [~ ﬁ)‘ h(wdu] . (1)

2. Proportional Hazard Specification

In the proportional hazard model, individual i’s hazard function is specified as

hi(t) = AMt) exp (B'Xit)vi

where Xit is a vecwor of explanatory variables observed for individual i at duration t, 8 is
the associated parameter vector, v reflects the effects of unobserved individual-specific
characteristics that do not change over time, and the function A(t) reflects duration
dependence not accounted for by variation over time in xit,‘ The matrix (Xil Xi2 o) will
be denoted by Xi'

Some common treatments of A(t) are: the exponential model At)=1 for all t,

—-— 1 .
, which assumes a

which assumes no duration dependence; the Weibull model A(t) = at®
constant-elasticity form of duration dependence; and nonparametric treatment of A(t), as
suggested in Meyer (1986) and Han and Hausman (1986). The last approach will be
discussed in detail below.

Some common treatments of the probability distribution of v, are: v; = 1 for all i,

which assumes no unobserved heterogeneity; assuming the probability density function of

v, is
i1

gvy) = 6%v.57 1 exp (—6v)/1(6) (@)

where I'( ) is the gamma function, so that v; follows a gamma distribution with mean 1
and variance 1/8; and nonparametric estimation of g(vi), as suggested in Heckman and
Singer (1984). The model presented below extends the gamma-distribution specification to

allow for shifts in the mean of the distribution of vy




3. Details of the Model
Time-varying regressors and duration dependence:

Let the duration continuum be partitioned into discrete intervals (O,tl], (tl,tz],
(t2,t3],.... Assume that the time-variation in the regressors Xit can be adequately
approximated by variation only across these discrete duration intervals, so that Xi1 is the
value of Xit during (O,tll, Xi2 is its value during (tl,tz], and so forth. Then equation (1)

implies that the survival function at duration b conditional on Xi and Vi is

1-FfX;v) = exp{- /Otk h(u

1 to
exp{—[ 0 h(u}Xil,\'i)du+ﬁ1 h(u

Xi,vi)du}

Xiz,vi)du

Y
+ot /tk— | PXysdu)

exp{—I[ /; 1 A(u)exp(B’Xil)vidu +..+ /t;k_l /\(u)exp(B'Xik)vidu]}
exp{= [It,)exp(B'X; ) +... +1(t Jexp(8X, )Iv;}

where

It) = f b Awdu .
7Ty

N i = t.—t. .31 Jei ) = t¥—t& .

In the exponential model, I(tj) tJ tJ_ P in the Weibull model, I(tJ) tJ t_]— 1

More generally, as recommended by Meyer (1986) and Han and Hausman (1986), I(t,j) can
be estimated nonparametrically by estimating each of I(tl), I(tz), .. as a separate

parameter. Then, of course, any particular parametric forms for I(tj), such as the

exponential or Weibull models, can be tested as special cases.




Distribution of unobserved heterogeneity:
’ The conventional gamma-distribution specification for unobserved heterogeneity,
shown in equation (2), standardizes the mean of the distribution to 1. A tractable

generalization is to specify the probability density function as

M2 6M2-1

gv) = (M) v, ' exp(~6Myv)/T(eMD) (4)

where Mi = exp(é‘Zi), Zi is a vector of explanatory variables, and 6 is the associated
parameter vector. Then v follows a gamma distribution with mean Mi = exp(é'Zi) and
variance 1/6. This generalizes the conventional specification to allow the mean of the
heterogeneity distribution to vary as a function of the observed regressors Zi' For
example, in the case of Army service, Zi might include the unemployment rate at the time
and place of individual i’s enlistment, because the unemployment rate presumably
. influences the distribution of unobserved civilian opportunities and tastes for military
service among those who enlist. The heterogeneity specification in equation (4) is really
only an ad hoc parameterization of self-selection effects in initial enlistment, but it is a
substantial improvement over the conventional model, which assumes no shifts whatsoever
in the heterogeneity distribution.
Given the heterogeneity distribution in equati;Jn (4), one can integrate the
conditional survival function in equation (3) over v; to obtain a survival function conditional

on only the observed variables Xi and Zi' Defining
D, =1t )exp(8'X; )+...+ 1t Jexp(BX; ),
this survival function can be written as

— m > —
1-F (tklxi,Zi) = ﬁ) exp( Dikvi)g(vi)dvi




M, o 6MZ-1
= [eM) ' /memd) [) v, exp[— (M, +D, )v.1dv,

M2 . . oM2
= (M) ' /TEMINTEMD/EM+Dy) ]

by equation (8) on page 236 of DeGroot (1975). The survival function then simplifies to

2

—6M:

1-F(t, [X,,2)) = 1 +D,, [(6M))] 1
-6 exp(26'Z,) (5)
= {1+ [I(tl)exp(ﬁ'Xi 1) +..+ I(tk)exp(B'Xik)]/[O exp(é'Zi)]} .

It follows that the probability that a completed duration lies in the interval (tk_ 1,t,k] is

Prob(ty _,<t=t,[X,Z) = F(,

XpZ)—Fiy _4[XpZ)
= [1-Flty _,X,.2) - [1-F(t, X, [2]

-6 exp(Zé'Zi)
= {1+ [I(tl)exp(ﬁ'xil)+ s (T l)exp(ﬁ'}{i’k _ 1)]/[6 exp(é'Zi)]}

-6 exp(26'Zi)

= {1010t Jexp(EX; ) +... +1(t exp(5'X, V6 exp(6'Z)]} (6)

Estimation:

Let Pi denote the contribution of the ith individual to the sample likelihood
function. If a completed duration t such that te—1<tsty is observed for individual i, Pi
equals the expression in (6). If observation of individual i’s time in the relevant state is
interrupted at durati;)n t (for example, if individual i is still in the Army at the end of the

observation period), then Pi equals the survival function in equation (5). For a sample of

N
N independently observed individuals, the likelihood function is L = H Pi and the log
i=1




N
likelihood function is log L = z log Pi' Maximum likelihood estimation maximizes L or
i=1
log L with respect to the parameters of the model: 3, 6, 6, and I(tl), I(t2),

Maximum likelihood estimation of this model is hardly simple, but it is a
straightforward extension of the estimation problem in the conventional model without
shifting heterogeneity. Furthermore, as will bé discussed in the next section, this model is
computationally more tractable than the ACOL-2 model presently used for analyzing Army
reenlistment behavior. Comparison to the ACOL-2 model will be facilitated by writing out
the probability of remaining in the relevant state beyond a duration of t given survival

into the period (tk_ 1 tk]. Conditional on Xi and Vi this “retention rate” is

RyfX;pv; = Probt> X vt>t, )
={1- F(t’klxl’v])]/[ 1 _F(tk - llxi’vi))

= exp(—Dikvi)/e:q:)(—Di k— 1vi)

= exp[—I(tk)eXp(;B'Xlk)Vl]- (7)

Expression (7) is an alternative to a logit or probit specification for the probability of
retention. Like a logit or probit specification, this probability specification is bounded
between 0 and 1. Furthermore, it has the appealing feature that the retention rate is
inversely relatgd to I(tk), which tends to increase with the length of the interval (t.k_ l’t’k]’
It stands to reason that the retention rate would be lower over a five-year interval than

over a five-minute interval.

4. Comparison to ACOL-2
The ACOL-2 model of Army reenlistment decisions, described in Black, Hogan,
and Sylwester (1987), specifies the retention rate in (tk—l’ t,k], conditional on Xi and Vi

as



3X., —v.
= _/_oolk l(1/\/ﬂ)exx>(—u2/2)du

where &( ) is the standard normal cumulative distribution function. This model adopts a
probit specification for the retention rate instead of the alternative specification shown in

equation (7). The ACOL-2 model’s survival function, conditional on Xi and Vi is

1~ F(tkIXi,vi) = @({B‘Xil - vi)é(,&xiz - vi)... @(B'Xik - vi). (8)

The probability that a completed duration lies in the interval (tk_ l’tk] is

Prob(t, _,<ts tk|Xi,vi) = (3K =V Q(B'Xi,k —1— V= #@X -Vl (9)

If a completed duration t such that te— 1 <t=Y is observed for individual i, let Pilvi denote
the expression in equation (9). If observation of individual i’s duration is interrupted at e

let Pilvi denote the survival function in equation (8).

The ACOL-2 model assumes that the unobserved heterogeneity variable \f is
drawn from a normal distribution with mean 0 and variance 02. Then the ith individual’s

contribution to the sample likelihood function can be written as
— | i ,
Pi = /_ 0o (Pil\ i)(l/cr)<15(vi/a)d\i

where ¢( ) denotes the standard normal probability density function. The ith individual’s
contribution to the likelihood function therefore involves a product of normal distribution

functions, as shown in (8) or (9), which then must be integrated over the normal density of



vy For a sample of N independently observed individuals, the likelihood function is

N N
L= H Pi and the log likelihood function is log L = Z log Pi‘ Maximum likelihood
i=1 i=1

estimation maximizes L or log L with respect to the parameters 8 and 02.

The new model presented in these notes has three advantages over the ACOL-2
model. First, its computation will be less cumbersome. Unlike the ACOL-2 model, which
requires complex numerical integrations of normal distributions, the new model has
relatively simple closed-form expressions for contributions to the likelihood function. These
are shown in equations (5) and (6). Second, unlike the ACOL-2 model, which assumes that
v, is drawn from the same distribution regardless of economic conditions or other
circumstances at the time and place of initial enlistment, the new model allows the mean
of the distribution of v to shift as a function of the observed regressors Zi' Third, as
shown in equation (7), the new model generates a retention rate specification that
naturally incorporates in the function I(tk) the effects of both duration dependence and the

length of the time interval (t,k__ L t,k].
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Issues in Application of the Hazard Model to Army Retention

As argued above, a major advance of the hazard model over previous
retention models, including the panel probit (i.e., ACOL-2 model) model, is its
ability to deal with the conditions at entry and their consequences for later
retention. Also unlike previous military retention models, which focus only on
retention (or quit) rates within reenlistment decision windows, the model has
the further capability of dealing with survival (or attrition) in other
windows. This section discusses issues in application of the model to military
retention.

Treatment of the Baseline Hazards

The main problem in implementing the model is how to deal with the various
time intervals that constitute different individuals’ lengths of service. Army
enlistees sign initial enlistment contracts that range between 2 and &4 years in
length. Upon approaching their expiration of time in service (ETS) individuals
may reenlist for a period of 3 to 6 years or extend their current contract for
a period up to 2 years. Further complicating the problem is the fact that the
length of the ETS window may have varied over time with service policy. That
is, in some years, the Army may have allowed individuals to reenlist up to one
year prior to their ETS date but in other years not allowed individuals to
reenlist prior to the actual expiration of their enlistment contract.

In the hazard model, I(tj) is baseline hazard associated with time
interval ty. By treating it as a parameter, the baseline hazard may be
estimated non-parametrically. If all individuals have the same lengths of
enlistment/reenlistment, estimation of these baseline hazards would be simple.

When the lengths of initial enlistment/reenlistment vary over the
individuals in the sample the problem arises that in a given interval t4 the

baseline hazard may differ between those at ETS and those not at ETS. At first




blush this problem does not appear to be too serious. Supposé we write I(tj) as
7jexp[uETSij} where ETSij is a dummy variable for whether individual i is at
ETS in interval tj and 7j and p are parameters to be estimated. Then 7j becomes
the baseline hazard for all observations and exp(pETSij} is a shift variable
that is absorbed into exp[ﬂ'xij}. The hazard rate for individual i at time
interval ty is

hi(tj) - 7jexp{pETS + ﬁ'xij}vi'
Estimation proceeds as before with the ETS dummy among the set of time-varying
regressors,

Effects of Personal Attribute Variables in ETS and Non-ETS Windows

A problem related to the estimation of the baseline hazards is that the
effects of various regressors (e.g., education , mental group, etc.) may vary
considerably between between ETS and non-ETS decision points. Previous first-
term survival studies find, for instance, that the probability of completing
the initial term of service is positively related to education level and mental
group. But previous retention studies find that retention varies inversely with
education and mental group. At first blush this problem does not appear to be
serious: we simply interact the variables Xij with the dummy for whether or not
the individual is in an ETS window. The hazard rate for individual i at time tj
is thus

hi(tj) = 'yjexp{pETS + ﬂ'xij + ﬂ'ETS*Xij yvy.

Regressors

The model allows two types of variables to influence the retention rate at
time t: initial entry condition variables (summarized by the vector Z;) and

time-varying regressors (Xij)'




Variables in Z

The model allows the mean of v (the unobservable heterogeneity factor) to
vary with external environmental factors that influence the initial enlistment
decision. We may show that as vy (or its mean M;) increases, the probability of
surviving to any given time period t decreases (see, e.g., equation 5).
Heuristically, a rise in Mj indicates a larger average net taste for civilian
life among the entering cohort. For example, if a rise in the civilian
unemployment rate increases the number (or more likely the quality) of the
initial enlistment cohort, the mean preference for civilian life among those
entrants will probably have increased since the cohort has individuals who
would not have enlisted had the civilian unemployment rate been lower.

In addition to civilian unemployment, there are a number of initial entry
condition variables whose effects we may wish to estimate. One variable of keen
policy interest is educational benefits. Educational benefits have fluctuated
substantially in the past 10 years. The available evidence suggests that the
quality of the enlistee pool has varied considerably in response to
fluctuations in educational benefits. While improved educational benefits
increase the quality of Army accessions, it is important to discern how
retention is affected. The conventional wisdom is that while higher educational
benefits may improve the quality of the accession pool, they lead to lower
retention.

An issue to be considered, however, is whether the relationship between
educational benefits (or other variables in Z) and survival to a given time
interval ty is monotonic, as the model specification suggests. There may be an
interaction between initial entry conditions and survival rates over different

time intervals. For example, entrants who receive educational benefits whose



receipt is conditional upon completion of some minimum period of service (e.g.,
24 months) may have higher survival over the first two years even though they
have lower first-term reenlistment rates.

From equation (5) the probability of survival to interval tx is

k -fexp(26'Zy)
Sik = (1 + !le(tj)exp(ﬂ'Xij)]/aexp(S'Zi)},
J=
which may be written as
k —ﬂexp(Za'Zi)
Sik = {1 + gzll(tj)exp(ﬁ'xij - 6'21)]/9},
or, using the modifications to the hazard rate suggested above, as
k -0exp(26'Z;)
Six = (1 + [Zlyjexp(pETS + ﬂ'Xij + n'Xij*ETS - 6'23)1/6).
J=

Again, inclusion of an interaction between ETS and Z would allow hazard rates

to vary according to whether the individual is at ETS:

k -0exp(26'Z;)
Sik = (1 + !zlyjexp(pETS + ﬂ'Xij + ﬂlxij*ETS - 8'21 - m9Z3;*ETS)]/6).
Jﬂ

Variables in X
There are a number of time-varying regressors whose effects we may wish to
estimate, including relative military pay, the civilian unemployment rate, in-
service variables for occupational assignment/location, etc. The variable of
keen interest here, of course, is relative military pay. There has been, and
still is, considerable controversy about how to specify this variable. The two
competing approaches are the ACOL approach and the Gotz-McCall dynamic

programming approach. The ACOL approach derives the pay variable




n
j=1
where n = a given period of additional military service,

RSj t+n = PV of military wage stream if individual i stays from
period t to period t+n and then leaves,

RL; ¢ = PV of civilian earnings + PV of military retirement
benefits if the individual leaves immediately,

d = personal discount rate.

The ACOL approach thus is to (1) calculate the PV of the future earnings
streams from all possible periods of future service, (2) calculate the "cost of
leaving" Ci t+n as the difference between RSj t+n and the PV of the return to
leaving immediately, RLj¢, (3) annualize these differences and (4) choose the
maximum. The maximum value A* represents the largest possible military-
civilian wage differential from continued military service. The ACOL approach

. thus assumes that individuals evaluate the income streams available from all
possible periods of future service and make their retention decisions based on
the one horizon that provides the largest possible annualized military-civilian
wage differential.

The Gotz-McCall approach argues against the notion that all individuals’
retention decisions are based on a single dominant time horizon that provides
maximum annualized return. Their derivation of the wage variable is based on
two considerations (1) different individuals have different propensities to
stay based on unobservable factors (what is labeled v; above) and individuals
with stronger preferences for military life (smaller values of v; will tend to
have longer time horizons, but (2) because individuals recognize that random
factors may induce them to leave in each period, there is no single horizon of
future service that provides the basis for a given individual's retention

. decision. Rather, the pay variable in the Gotz-McCall setup is (loosely




speaking) a probabilistic weighting of the returns to staying over different
future horizons minus the returns to leaving immediately. This pay variable
which in some descriptions of the Gotz-McCall model has been called SCOL (for
stochastic cost of leaving) is:
N
SCOL; = 2 pj t4nRSj t4n - RLi¢
n=1

where Pi,t+n 1s the probability that individual i will stay from period t to
period t+n and then leave (these probabilities sum to unity). These
probabilities are individual-specific, depending on preferences (the vi) and
the probability density of stochastic factors that influence the retention
decision in each time period.1

The Gotz-McCall approach has certain theoretical advantages over the ACOL
approach which need not be repeated here. Despite the theoretical advantages,
the ACOL approach has been utilized more extensively in empirical work because
of its ease of calculation. In the (faithfully followed) Gotz-McCall approach
construction of the pay variable cannot proceed independently of estimation,
making estimation cumbersome. The further difficulty has been that their
estimation procedure does not permit the inclusion of other variables (either
other X's or Z’s).2

Because of its theoretical advantages, the Gotz-McCall approach ought to
be adhered to as closely as possible. A feasible approach has been recently
suggested by Robert Moffitt in the context of the ACOL-2 (panel probit) model.

Simply estimate the panel probit model in a first stage using ACOL as the pay

1 This characterization of the Gotz-Mcall approach is rather loose
since in their model the pay variable is calculated recursively in a dynamic
program and involves some terms must be ignored to obtain the above expression.
Nevertheless, this approximation to their pay variable is close.

2The ACOL-2 model was an improvement in that it allowed the estimation of
effects of other variables.




variable. Simulate the model to calculate each individual’s probability of

staying to each possible future period and then leaving (i.e., calculate the
p's in the above equation for SCOL), use these probabilities to calculate SCOL,

and reestimate the model with SCOL as the pay variable. The same procedure

could be utilized here.




3.6 CIVILIAN EARNINGS AND THE OPTIMAIL DURATION OF AN ARMY CAREER
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Civilian Earnings and the Optimal Duration of an Army Career

An important component of the economic benefit to military

service is improved post-service earnings in the civilian labor

" force. This fact combined with a commitment to having a

relatively youthful armed force creates a special set of
requirements for an optimal compensation and training policy for

the U.S. Army. Rather than being an employer with an interest in
retaining employees for most of their worklife, the Army is an
employer with an interest in shaping a training and compensation
policy to induce an optimal duration of military career which
should commonly last for only a part of the person‘s worklife,
but for a sufficiently long duration to recoup the investment in
training coste and to contribute to Army objectives. In these
notes the attachment of a person to a particular employver for
only a portion of his worklife is referred to as a partial

career.

One can imagine private sector employers with a similar
objective. For example, law firms often attract new araduates by
a combination of salary and opportunities to acquire on—-the-job
training and expect these “recruits" to turn over. At some point
it is rational for these people to switch to another employer who
will pay for their previously acquired skills, and it is this
subsequent payment which in part motivates their acceptance of
the initial employer’s offer. Other examples are easy to think
of. New faculty at research universities or teaching fellows

accept employment in return for both current compensation as well



as enhanced future compensation which will often be paid by a

subsequent employer.

One <cspecial reason why what here will be called a partial
. career is widely optimal for many military occupations is because
. the value of service depends on the ability to mobilize the
existing force to diverse and demanding locations, placing a
special value on physical condition of the force. Since this
latter characteristic is generally age-specific there is much
mare interest in partial careers by the Army. On the other hand
what the Army should seek to avoid are dropouts and quitters,
both of which absorb training resources and compencation which
have a greater present value than the cstream of services they
provide. Here we define dropouts as those recruits who turn out
to perform below expectations and quitters as those recruits who
meet or exceed expectatione but who féil to reenlist under the

exieting compensation regime.

In thecse notes a model of the optimal duration of tenure or
partial career with what is called a teacher-employer is set out,
and its application to the Army is discuscsed. It turns out that
come of the critical information needed to implement such a model
includes the post-military earnings of the alumni by those in
different military occupational specialties (MOS‘s) ae a recsult
of differing yeare of service in those specialties, the value to
the army of those with different years of experience in
particular M0OS’s, civilian earninge absent military service, and
Army compensation for additional years of service by MOS. As an

econometric and policy implementation problem, one of the




difficulties is that of observing person-specific values of both

civilian alternatives and value to the service.
I. A Model of Optimal Career Duration in the Army

Earnings at time t (E,) depend on whether one is in the
"military (m¢) or in the civilian labor force (1-m¢), the military
pay rate, which is the flow of compensation per unit time with
bonus values transformed and included in this flow (P.)>, the
stock of sKills relevant for the civilian labor force (C.), and

the wage rate per unit of civilian labor force skills (g):
Eg = mng + (l-mg)gC.. (1)

In (1), me can be thought of as restricted to being either 1
or 0. This complicates the analysis a bit, and for expositional
purposes we will operate as though me is a confinuous variable
over the interval 1-0. (It is planned that later the implication
of having me as restricted to either 1 or 0 will be explored.) In
addition to providing military earnings and benefits, military
experience in a particular MOS builds up both civilian 1labor
market capacity as well as military capital. The buildup of

civilian capital is given as:

Ce = a(meC,e)® where 0 ¢( B ¢ 1, (2

Military service in a particular MOS builde up military
sKkills according to the following relationship:

>

Sg = dmgSg - fmgngu (3




In (3) the parmeters are such that once the stock of
military <Kills reaches d/2f there can be no additional
acquisition of these sKills and only the compensation and future

civilian benefite of military service motivate retention.

) The Army places a value of v on each (flow) unit of services

= provided by the enlistee, and therefore the rate of flow of net

gain is given by:
Gg = VmgSg - Pg. (4)

From (4) we have that the net gain to the Army over the

enlicstee’s career is qgiven as:

f4
A=J0 G. dt, (5

where t, is the end of the planning horizon for the Army, which

for cake of concreteness may be thought of as age 40.

The Army seeke to maximize A subject to the trancsfer utility
or maximum which an enlistee could realize without & partial
career in the military. This alternative minimum, which we will

call Rg can be written as:

8
Ro & 0 E. e~"t dt = R, &)

where T is the end of the planning horizon for the individual

which for the sake of concreteness may be thought of as age &0.




As set out in (&) the enlistee must acheive a net return, R,
csuffiently large that it exceeds the reservation utility which
could be obtained with no military service. It is clear that
there are some individuals in some cpecialities who should not be
" induced to Jjoin since their civilian alternatives are extremely
attractive to them and there will be no military compensation and
training path in the military which will acheive R > Ro and A&
0. Thie is one of the basic arguments for an AVF, and when
combined with individual differences in returns reprecents &
major research question: who should and who will be induced to
etay in the military and for how long as a consequence of

alternative military pay structures??

II1. Remarks on this Type of Model

1. Recearch of the type by Goldberg and Uarner (1987) is crucial
here since it provides an empirical study of the relation
between military experience and subsequent civilian earnings.
Their work shows diminishing returns to additional years of
experience in both military and civilian partial careers. This
implies something of a natural equilibrium which has many
people with some time in both cectore to exploit the high
returns to early experience in each sector (aside from the
negative interaction term on a variable interactying civilian
and military experience). It might be instructive to take
their estimated parameters in the post-service earnings
equation and calculate the implied optimal switch points for a

typical person. The additional ingredients would include
simply noting that in a work horizon of T = m + c (where m =
years of military cevice by MOS and ¢ = vyears of civilian

service) years of military service are compencated at certain
differing rates and that departure to the civilian labor force
implies earnings as given by their earnings equation. UWhat
this type of exercise amounts to is determining what is the
optimal switch point implied in a simple ACOL-type model of
the average person in the DOD occupation.




What are come of the implications of the type of model cet
out above? Here the individual treats mi1itary-pay (the path of
Pe)> as given and optimizes by choosing a military career (the
path of me). Knowing this response of the individual, the
'military has to select a (unique?) optimal path for P.. First

vorder conditions for the individual include:
PQ + LcaB(mgCg)a-l
+ LgldSy = £S.2) = gC,. (P

From (7) we have the implication that current military
effort is set so that the rate of military pay plue the future
contribution of a unit of civilian market skills (Lel .12 and the
future contribution of a unit of military skills (Lgl.1) equals
the return on civilian effort. If were to restrict m. to be
either 1 or 0, then me would be determined by whether at each

point in time H; were larger for m¢ =1 or m¢ = 0, where
H; = MePe t (I-mg)gg
* [
+ LeCe +LgSe. 8

To simplify discussion, suppose for the moment that the path
of P. were level. Let us consider some of the effectes of
differences in the parameters of the capital accumulation
equations (2) and (3). If civilian ekills are only weakly
enhanced by military service (low values of a), then we would
expect a smaller military effort (low m¢) which extends over a
tonger time period. This would lead to something closer to a full

rather than partial military career, to use the term defined




above. If civilian sKills are strongly enhanced by military
experience we would expect a larger military effort which is
compressed into a <shorter time period. (That is, if m, is
continuous then we would expect high initial values which decline

'quickly through time.)

Another acspect of (7) is the time path to net Army gains,
G,. Toward the end of a partial career it is easy to imagine that
the individual may be overzealous in his military career in the
sense that decrements to military capital are occuring (Se < 0).
From the Army perspective the person would be overqualifying
himself ae he seeke the benefite of future civilian employment
with Army provided skills. Yet the opportunity to acquire these
ekille motivated retention in a prior period when the net Army
gaines were large. An attempt to curtail this behavior need not be
in the Army‘’s interest from the point of the cumulative net flow
in (5)>.2 Suppose that as a consequence of a project to ascsess
military productivity <(Project @& it were determined that
productivity of those about to exit was often lower because of
their interest in post-military career payoffs. In the
intertemporal setting presented heré, this may simply be one of

the consequences of an optimal retention policy.

An important question which has not been evaluated for this

model is whether there is a unique path for compensation to

2. An iseue which this raises ie possible negative spillovers
from having a work team in which some individuale are
concerned with extramilitary payoffs. If this were the cace,
then the per unit payoff to the Army (v) would be lower.




encourage the optimum partial career from the perspective of the
Army. Further, it may be useful to consider mechanisms outside of
this framework such as issuance of certificates or deagrees to be

given upon successful completion of a length of service in a

particular MOS. Those whose records were better in terms of both

__acquired <Kille and service to the Army could be given a degree

or certificate with a higher rating. In this way there would be
rewards to behavior other than monetary rewards. This seems
particularly important if one takes the position that post-
military compensation based on qualifications acquired in the

military is one of the main motivations for Army service.

111. Conclusion

To conclude thecse notes, there seems to be csome insight to
be gained from thinking of an explicit framework which models the
formulation of an optimal retention policy. Within this framewcrk
one can then turn to specific questions csuch as the relation
between military service and civilian earnings, the relationship
between military learning benfits and the nature of the partial
career in the military, and the form of the optimum retention
policy as well as its uniqueness., Even from this initial set of
notes it is clear that careful study of post-military earnings of
Army alumni of the type done by Goldberg and Warner ics very

importanf.

Recearch on post-Army earnings for more detailed MOS groupe
seem critical. Only through such information can one hope to set

up an optimal retention policy. Further, thie policy will have to




face the difficult question of how much differentiation by MOS
and individual <Kill level is compatible with some solidarity
among members of the same organization. Practical experience and
recent theorizing (Robert Frank) points to the difficulties'of
implementing an intraorganizational pay and compencsation
structure with dramatic differences in the treatment of
individuale, even if a story on market alternatives suggests thatA

thece differentials are necessary.

Thecse notes also indicate that there is a need to ascecss
the path of within-the-army productivity of individuals by MOS
with different levels of experience. From a broader percspective
of labor economics research the problem faced by the Army ics one

aleso faced by numerous private cector bucinesses.
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A key element in a structural model of military retention is
the compensation expected by members if they continue their
military careers. This paper describes how we propose to predict
the military compensation of active duty enlisted personnel in the
ARI Compensation Models Project.

1. MODELING MILITARY COMPENSATION

Enlisted military compensation includes the following
components:

© Basic pay. Basic pay in any fiscal year is determined by
an individual's years of service and grade. The basic pay
table changes, at most, annually with military pay
raises.l

o Housing Allowances. The Basic Allowance for Quarters (BAQ)
varies by grade and dependent status and is only paid to
enlisted personnel who are not furnished government
housing. The Variable Housing Allowance (VHA) , which is
paid to soldiers in CONUS assignments who do not reside in
government quarters, varies by the area of assignment.

BAQ and VHA are adjusted annually.

O Subsistence Allowance. Enlisted personnel who do not have
access to mess facilities receive a Basic Allowance for
Subsistence (BAS). It is paid at a daily rate, which is
the same for all grades.?2

o Tax Advantage. BAS, BAQ, and VHA are not considered
taxable income, increasing their value in comparisons with
pretax civilian income.

© Reenlistment Bonus. Under the SRB program, which has been
in effect for most of the AVF period, the reenlistment
bonus varies with MOS and skill identifier, grade, the

lFor most years in the AVF period, a pay raise increases all the
elements of the basic pay table proportionately. In 1981,
however, lower pay grades were given a proportionately higher pay
increase.

2soldiers assigned to locations outside of CONUS receive station

allowances to compensate for the additional housing and
subsistence costs in these areas.
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length of the reenlistment, and the ETS date. 1In addition,
the method of payment--lump sum or installments--has
changed over time.

o Retirement benefits. Service members are eligible to
receive retirement benefits if they separate with 20 or
more years of service. For soldiers who entered before
1986, the annual benefits are calculated by multiplying an
individual's annual basic pay (high 3-year average for
accessions from 1980 through 1985) by .025 times years of
service. Benefits are fully indexed to inflation.3

© Special Pays. If assigned to certain types of duties,
members receive additional pay. Examples include flight
pay and proficiency pay for recruiters and drill
instructors. For the most part, these special pays are
small relative to total compensation for Army enlisted
personnel.

This quick review identifies the essential features of enlisted
compensation needed to develop models; a more detailed description
can be found in Hogan et al. (1988).

Two different strategies have been used to predict the real
value of future military compensation for members at the
reenlistment decision point.

The most common approach (see Black et al. (1987)) involves
four steps. First, Regular Military Compensation (basic pay,
allowances, and the tax advantage) for a cross-sectional sample of
enlisted personnel is regressed against years of service and other
characteristics of the member. Starting with the member's RMC at
ETS, the coefficient on years of service is used to "grow" this
part of compensation into the future. This procedure implicitly
predicts how promotions and longevity increases affect future pay
and allowances. Second, these predictions are adjusted for
overall growth in real military pay using some assumption about

3The retirement benefits for post-1985 entrants are 40% of high
3-year average basic pay at 20 years of service, rising to 75% at
30 years. Benefits are indexed to the growth rate in the CPI,
minus 1 percentage point.



the member's expectations. For example, perfect foresight would
imply that actual real growth should be used. Third, reenlistment
bonuses and special pays, if applicable, are added to the RMC
projections at the appropriate points in the member's career.
Finally, retirement benefits are calculated for soldiers who are
vested in the systen.

The second approach, see Daula (1982), differs only in the
way that RMC is initially estimated over the military career.
First, the years of service at which a soldier will be promoted to
grades beyond the one currently held are estimated, using average
promotion times or a multivariate model of time to promotion.
Knowing an individual's expected promotion points, years of
service, and dependents status, values of RMC for future years of
service can be calculated directly using the pay and allowance
tables. As with the first method, these RMC predictions must be
adjusted for expected real growth in military pay, and
reenlistment bonuses, special pays, and retirement benefits added
to the compensation stream.

The second approach, which we will use in the compensation
models project, has three advantages. First, because total
compensation is built up from its components, it is easier to
model policy changes. For example, the effect of a new promotion
policy on expected compensation can be evaluated by simply
changing expected promotion times. In the RMC regression
approach, changes in promotion times must be translated off-line
into RMC differences. Thus, the extra effort required to estimate
military compensation this way will have returns when the models
are used for policy evaluation purposes.

Second, it is probably more accurate to use the pay table
directly rather than trying to implicitly model differences in pay
by grade and YOS in a regression. The regression approach
smooths a compensation stream that, in reality, increases at




discrete points. This could have an effect on retention model
parameters.

Third, the issue of how the Army promotes its enlisted force
is interesting in its own right. For example, if promotion speed
reflects a soldier's performance, a positive correlation between
promotion speed and AFQT strengthens the case for enlisting more
high quality individuals (see Daula and Nord (1983)).

2. MILITARY COMPENSATION SOFTWARE

As part of the effort to estimate ACOL-2 models of enlisted
retention, we are developing the software required to predict
military compensation. Following the method outlined in section
1, this program has four parts.

First, parameters from hazard models of promotion times,
estimated from the enlisted longitudinal files, are combined with
an individual's characteristics to predict the year of service he
will be promoted to grades 4 through 6. The characteristics used
to predict promotion times will include variables such as Mos;
entry cohort, race, sex, AFQT, education, marital status, and
speed of promotion to the previous grade. The prediction of the
promotion time to the next grade after the one currently observed
for an individual will be made conditional on his current time in
grade. That is, individuals with more time in grade will have
shorter predicted promotion times, all other things equal.
Section 3 describes the estimation of these promotion time models
in more detail.

Because we can only observe a maximum career length of 14
years in the longitudinal data set, predicted promotion times to
grades 7, 8, and 9 for soldiers in a given CMF will be based on
average times calculated from cross-sectional data. While this
approach is less accurate than estimating promotion time models

-l -




for these grades, any prediction errors are heaviiy discounted in
calculating military/civilian compensation alternatives at the
first and second reenlistment decision points.

Using the predicted promotion times for an individual, we
will calculate RMC through the 20th year of service using the pay
and allowance tables at the reenlistment decision point. In doing
this, we will make the following assumptions:

o Dependents status will be as of the reenlistment decision
date. 1Ideally, one would like to predict dependent status
along with promotion times, but the data are limited in
that the dates at which dependent status changes are not
available.

0 Housing allowances (BAQ and VHA) will be included in all
members compensation. The assumption here is that the
value of government-furnished quarters equals the housing
allowance.

O Because of PCS moves, a member's current VHA is not
necessarily the expected value of this benefit for his
career. Consequently, we will use the Army average, by pay
grade, for VHA benefits.

o Subsistence will be included for all enlisted personnel.

In the second step, this RMC stream is adjusted for expected
real growth in military earnings according to assumptions supplied
to the program.

Third, reenlistment bonuses, if applicable, are added to
adjusted RMC. (Because of their relatively small size, we will
ignore any special pays for which a soldier may be eligible.) SRB
multipliers have been collected by MOS, skill/additional
identifiers, and zone for 6-month intervals covering the AVF
period. The military compensation program "looks up" the correct
multiplier and calculates the bonus amount using the individual's
current monthly base pay and an assumed 3-year enlistment term.
Depending on the bonus payment scheme in effect at the time, the
bonus is added into compensation as a lump sum or installments.
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Finally, military retirement benefits are calculated from an
individual's basic pay and years of service at separation.
Because soldiers who leave the service before 20 years are not
vested, these benefits are only included in the military

compensation stream when service exceeds 20 years.

3. MODELING PROMOTION TIMES

Hazard models provide a convenient statistical framework for
studying promotion times because censored promotion times, which
occur when a soldier leaves the Army before being promoted, can be
incorporated into the estimation of the model. 1In this section,
we describe the hazard model we will use for predicting promotion
times and discuss how it might be extended to address a problem of
sample selection.

Let tj, g, the time from grade g-1 to g for the ith
individual, be given by

Intj g = XjBg + ej (1)

where Xj is a vector of the member's characteristics, such as AFQT
and MOS, and Bg is a vector of parameters to be estimated. If the
error term, ej, has a normal distribution with zero mean and
variance s2, promotion times are distributed log-normal. The log-
normal distribution, with its centrally located mode and skewed
right hand tail, seems to provide a reasonable characterization of
the promotion times that would be expected for Army enlisted
personnel. Time-in-grade requirements concentrate promotions
around certain "windows", with exceptional performance leading to




earlier than usual promotions and less-than-average performance
resulting in longer promotion times.4

Promotion times to grade g will not be observed for all
individuals because some will leave the Army through attrition or
at the end of their term of service. These individuals can be
incorporated into the estimation of the B's because we know that
their promotion time must be greater than théir time-in-grade at
the point they left. 1In particular, the log-likelihood function
for this model is

L= ¥ [ (1-ci) In(f(A)/s) + ci 1nF(-A)]
i (2)

where A = (lnti,g - XiBg)/s

f(), F() are the standard normal density
and cumulative probability functions

cj = 1 if the observation is censored, and
0 otherwise

The statistical package LIMDEP provides routines for maximizing
this likelihood function.>

We will use the enlisted longitudinal files to estimate
promotion models for grades 4 through 6. Separate models will be
estimated for the infantry, mechanical maintenance, and
administration CMF's. Potential explanatory variables in these
models include:

0 MOS dummy variables. Our preliminary work with cross-
sectional data suggests that promotion time variation
within a CMF is limited. We will test this hypothesis
using the longitudinal files.

4In their promotion time model, Ward and Tan (1985) assumed a
log-logistic distribution, which has characteristics similar to
the log-normal.

S5The log-normal hazard model is described in Kalbfleisch and
Prentice (1980).




o AFQT and education. These variables are of special
interest because of the "quality" issue. 1Is quality, as
measured by these entry qualifications, positively
correlated with performance, as measured by speed of
promotion?

o Race and sex. Controlling for other characteristics of a
soldier, are promotions race- and sex-blind?

o Marital status and dependents. In civilian earnings
regressions, marital status is usually correlated with
observed earnings. Does the same relationship hold for
promotion speed for Army enlisted personnel?

o Time in service at last promotion. Previous studies (Daula
and Nord (1983) Ward and Tan (1985)) have found faster-
than-average promotion to one grade is positively
correlated with faster promotions in succeeding grades. We
will include time in service at the last promotion as a
cumulative measure of promotion performance.

o Cohort dummy variables. Given stable personnel
requirements by grade, changes in accession cohort size
(which have been substantial over the AVF period) will lead
to different promotion times.

Model (1) will be used to predict promotion times for
soldiers at ETS. For the first promotion, the time to promotion
to grade g is predicted conditional on existing time in grade at
ETS, which we denote as tp. The formula is

E(tgltg>t0) = exp(s2/2 + XijBg) * F(Ag - s)/F(-Ag)

(3)
where Ag = (lntg - XjBg)/s

This predicted time, along with other individual characteristics,
is then used to predict the unconditional time to grade g+1, given
by

E(tg+1) = exp(s2/2 + XiBgy1) (4)

This procedure is repeated through grade 6.




While this model correctly accounts for the éensoring that
occurs because some E-4's, for example, leave the Army before they
are promoted to E-5, it does not adjust for the fact that the
observed group of E-4's is a selected sample because of
separations before that career point. This sample selection
problem parallels the more often cited selection problem with
civilian earnings estimates in a retention model. That is, we
must predict military earnings for all individuals at the
reenlistment point. If those who stay in the Army, and are
therefore available to use in promotion time models, are different
in unmeasured ways from those who leave, biased predictions will
result.

Model (1) can be extended to test for sample selection bias
by jointly estimating the promotion time models for two successive
grades. The model would be

Intj g = XiBg + ej,qg (5)
Intj, g+1 = XiBg+1 + eji,g+1

where the e's have a bivariate normal distribution. If the e's
are correlated, the time to promotion predictions from separately
estimated models will be biased.®

We plan to rely on model (1) for our military compensation
predictions and examine the sample selection problem in an
auxiliary effort, with the help of ARI staff. Model (5) is
significantly more difficult to estimate and, although interesting
in its own right, will probably not change the predictions of
military earnings substantially. First, because the pay increases
associated with promotions are relatively small compared to

6Identification is a potential problem in estimating this model.
One must either impose cross-equation constraints on the B's or
exclude one of the X variables from the first equation to identify
the model by more than just the functional form.

-0 =




longevity increases, differences in promotion times do not lead to
large differences in the discounted present value of military
compensation. (See Daula and Baldwin (1986).) Second, model (1)
will include a measure of lagged promotion times which helps
account for differences in promotion experiences not associated
with characteristics such as AFQT and MOS.
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1.0 INTRODUCTION

1.1 BACKGROUND AND MOTIVATION

The Selected Reserves in the Army and the other Services have
become an increasingly important component of national defense in
recent years. Their numbers have grown both in absolute terms and
relative to the active component. Between FY 1981 and FY 1986,
the number of men and women in the Army Selected Reserves have
increased by about 146,000, or 24%.

Despite this already large increase, it is likely that budget
pressure to substitute lower cost part-time manning (reserves) for
more costly full-time manning (active) in some mission areas will
continue. Considering their growing importance, relatively little
is known about the potential supply of reservists. Regardless of
one's views concerning the current levels and future expansion of
the reserve component, it is clear that sound policy decisions
will demand a better understanding of the supply of qualified
people to the reserves, the factors affecting that supply, and the
tools available to influence that supply than currently exists.

The Sixth Quadrennial Review of Military Compensation is
reviewing the compensation system of the reserves. A solid base
of theoretical and empirical research is necessary to evaluate the
changes to the compensation and retirement system that the QRMC
proposes. Such a research base is currently lacking.

Reserve reenlistment behavior, an important aspect of the
overall supply of reserve manpower, is illustrative of the current
state of our knowledge in this area. What qualifies as the
conventional wisdom appears to be somewhat pessimistic for policy.
The supply of reserves is relatively unresponsive to pay, within
the likely range of variation, and is determined largely by
institutional factors, such as the primary employer's policies



the likely range of variation, and is determined largely by
institutional factors, such as the primary employer's policies
toward reserve participation. However, certain key institutional
factors, such as the relationship between the reserve and the
active duty compensation system, have not been captured in
analyses to date. The empirical results have been limited by the
poor data that has been available for the reserves, and by a
relatively undeveloped theoretical framework for analyzing reserve
participation.l

1.2 RESEARCH OVERVIEW AND ORGANIZATION

Our proposed research is intended to expand our knowledge of
the reenlistment behavior of the Army reserves. It will do this
in three ways:

(1) In this effort, we will examine the reserve reenlistment
decision in the context of the household or family allocation
of time between participation in the labor market and home
production or leisure. It will expand upon the theoretical
framework initially proposed by Rostker and Shisko (1976)

for analyzing reserve participation decisions. This
framework, based upon the economics of moonlighting, is
expanded by including the spouse's labor supply decision as a
substitute for reserve participation by the member. It will
follow the model recently developed by Hogan et al for
analyzing the active duty reenlistment decision from the
perspective of the household or family utility maximization
rather than the individual.2

(2) It will consider three possible alternatives: reenlist
in the reserves, leave military service entirely, or enter
full-time active duty service. Previous research has
considered only the dichotomous decision of reenlist or
leave. It has been estimated that about 20% of those leaving
the Selected Reserves at the first term enter active duty.

1The only theoretical framework that has been applied to the
problem is the moonlighting model of Rostker and Shisko (1976) .
Moreover, most of the studies that have cited the moonlighting
model have failed to specify and estimate a model of reserve

reenlistment behavior that rigorously adheres to that theoretical
framework.

2see Paul F. Hogan and Steve Siegel, "Family ACOL: A Household
Model of Army Reenlistment Behavior", SRA Cor oration, 1987.
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leaving the Selected Reserves at the first term enter
active duty. Because of the relationship between
reserve and active duty pay, failure to consider this
choice may have resulted in estimates of the effect of
reserve pay on retention that are biased low.
w

(3) It will be one of the first research efforts to explore
the potentially rich data presently becoming available
from the 1986 DoD Reserve survey. We have asked the
Defense Manpower Data Center (DMDC) to match the survey
participants responses with actual personnel files,
through October 1987. This matched file will allow us
to relate the detailed information concerning the
economic and socio-demographic circumstances of the
reserve (and his spouse) to actual retention outcomes,
as determined by the personnel data files. Moreover,
if, in fact, the matching process indicates that the
reservist has left his unit over the period of analysis,
DMDC will search the records of (a) other reserve units
and (b) active component gains files to determine if the
reservist has joined another unit or has entered active
duty full-time.

Our research proposal is structured as follows.
Uhderstanding the institutional environment is key to any research
effort, and this is particularly true for one involving the
Selected Reserves. The institutional features of the Selected
Reserves relevant to retention behavior are briefly reviewed in
Section 2. Section 3 critically reviews the published literature
on the supply behavior of reserves, and discusses the implications
for additional research. Our approach is developed in Section 4.
A theory of reserve retention behavior is presented, estimation
procedures are discussed, and extensions proposed. Section 5
discusses the data available for estimating a reserve retention
model, particularly the 1986 DoD Survey.




2.0 INSTITUTIONAL FRAMEWORK

2.1 IMPORTANCE

An understanding of the institutional characteristics and
compensation system of the Army's Selected Reserves is a crucial
ingredient in developing a model of retention behavior. Because
most researchers in the field know less about the Selected
Reserves than the active forces, we review it in some detail.l

Salient institutional characteristics of the Selected
Reserves that are important for modeling include the following:

0 Selected Reserve participation is part-time.

0 Reservists do not have the geographical mobility of full-
time soldiers, so vacancies must be found in local
units.

. o Two categories of recruits may be distinguished--prior
service and nonprior service.

o Prior service personnel can vest their active duty
service for retirement by participating in the Reserves.

o The reserve enlistment contract may be a less binding
constraint than an active duty contract.

o The flexibility of the reservist's civilian employer is

an important influence in recruiting and retention
decisions.

2.2 BACKGROUND

The reserve forces consist of units and individuals that can
be ordered to active duty service upon presidential declaration of

1 pr. pavid Grissmer, a leading authority on the reserves, has
observed that the institutional details in modeling the reserve
. forces are even more important than for the active forces.
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a national emergency.2 As components of the reserve maintained
_in the highest state of readiness, Selected Reserve forces will be
called first upon mobilization. The Army's Selected Reserve
forces consists of men and women in organized units of the Army
Reserve and National Guard and, in some instances, individuals who
are not attached to a reserve unit per se.3 The Army Reserve
strength at the end of FY86 was about 309,700 while the strength
of the National Guard was about 446,200. The typical soldier in
the National Guard has somewhat more experience than his Army
Reserve counterpart. 1In FY 1986, the average number of years of
service of the enlisted force was 7.9 and 7.0 years, in the Guard
and Reserve, respectively.

The ability of the Army Selected Reserves to recruit and
retain personnel in the 1980's has been good. In FY 86, actual
reenlistments exceeded goal by 7,700 in the USAR and by about 4,00
in the ARNG.

2.3 INSTITUTIONAL CHARACTERISTICS

The problem of recruiting and retaining people in the
Selected Reserves is somewhat different from the problem in the
active forces. An obvious and important difference is that
service in the Reserves is part-time and must permit the member
sufficient latitude to pursue a full-time civilian career under
normal peacetime conditions. The constraints and demands placed
on the actual or potential reserve member by his full-time

2 The President may call up to 100,000 Selected Reserves for
active duty for a period not exceeding 90 days without declaring
a national emergency.

3 The Selected Reserve consists mostly of members who train
together and will be deployed as units. However, some
individuals, called Individual Mobilization Augmentees, will
fill individual positions in active units upon mobilization.
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civilian employer will exert a major influence on his decision to
enlist or to remain in the Reserves.

Geographic Mobility. Recruiting and retaining people for the

Selected Reserves presents geographical constraints not found in
the active forces. If an individual wants to participate, a
vacancy must be found in the local unit. If a member's full-time
employer requests that he transfer to another city, the member is
forced to end his relationship either with his current civilian
employer or with his current reserve unit. If he separates from
his unit and moves to another city, he may or may not find a
vacancy in another reserve unit. Moreover, he may reaffiliate
only after months have passed since his separation from the
original unit. Simply accounting for separations presents a
challenging data problem for force managers and analysts.

Prior and Nonprior Service. There are two distinct

populations of recruits to the Selected Reserves: those who enter

with no prior military service and those who affiliate with a
Selected Reserve unit after separating from active duty. The
distinction is likely to be of some analytical importance because
the behavior and motivation of the two groups may differ
significantly and systematically.4 Prior to the reinstitution

of a volunteer force, approximately 80% of Selected Reserve
accessions were nonprior service recruits--recruits without prior
active duty experience. The proportion of prior to nonprior
service accessions increased dramatically during the early years
of the All-Volunteer Force, reaching a peak of about 75% in FY74.
Currently, the proportion of prior and nonprior service recruits
is about even in the ARNG, while in the USAR prior service
accessions account for about 60% of the total.

4 The reserve reenlistment bonus experiment, an evaluation of
which is reviewed section 3, was limited only to nonprior
service reserves.
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Service Obligations. Nonprior service recruits typically
enlist in the Reserves for 6 years of service. Nonprior service
recruits pursue initial training, which lasts from 4 to 12 months
depending on skill, on a full-time basis after entering the
Reserves. Reservists typically complete 48 drills per year and
spend 14 days on active duty (exclusive of travel time) each year.
This places a time demand on them of roughly one weekend per month
(a member can complete four drills in a weekend) and two full
weeks in the summer.

Though reservists enlist and reenlist for fixed contract
lengths, Jjust as active duty personnel do, the contracts do not
appear to be as binding as active duty contracts. If the
individual moves away from his unit, for example, he is usually
relieved of his commitment.

Private Employers. The flexibility and attitude of the
member's civilian employer in permitting the member to satisfy the
demands of reserve membership is a key aspect of the individual's
choice to join and remain in the Reserves. The employer is
required by law to allow the member time off to meet his reserve
training commitment. The employer is not, however, required to
pay the member for that time. Moreover, it is unlikely that any
law can prevent an employer from discouraging participation in the
Reserves if the employer believes that such participation is
unprofitable to him and should be discouraged.

The net financial return from attending 2 weeks of active
duty training will depend on the employer's leave policy. The
employer may offer: (a) an additional 2 weeks of leave with full
pay to attend training; (b) an additional 2 weeks of leave but pay
equal to the difference between the individual reserve pay and his
civilian pay; (c) 2 weeks of leave without pay; or (d) only the
opportunity to use normal leave time. The results of a 1979
survey of reservists are reported in Table 2-1. -




. TABLE 2-1. EMPLOYER LEAVE POLICY TOWARDS RESERVISTS

Policy Response
(Percent)
Leave, no pay 35.7
Leave, difference in pay 25.7
Leave, with pay 22.2
Must use vacation 9.2
Reservists self-employed 7.1

2.4 SELECTED RESERVE COMPENSATION

Selected Reserve personnel share the same basic pay table as
active duty members. Pay consists of one-thirtieth of one month's
basic pay plus longevity for each drill. A selected reservist may
complete and be paid for up to two drills per day. Hence, on a
weekend of drills he may earn 4 days' pay. Reservists are paid at
the same rate as active duty personnel of their grade and

‘ longevity when called to active duty, including their annual 2
weeks of active duty training.

Burright et al. (1982) suggest that net reserve pay may
differ significantly from gross reserve pay. First, the reservist
must pay his own expenses when traveling to and from training
drills. Second, as discussed in the previous section, the
civilian employer's policy toward reservists' leave will determine
whether the member enjoys 2 weeks of reserve duty at an implicit
wage rate that is higher, about the same, or substantially below
his normal civilian wage.

In addition to basic pay, members of the Selected Reserves
may receive retirement pay beginning at age 60 for nonregular
military service. An individual must complete 20 years of
"satisfactory Federal service" as a member of the armed forces. A

' year in which a member earns 50 retirement credit points
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constitutes a year of satisfactory service. One point is granted
for each day of active duty or active duty training, and one point
is earned for attendance at drills. Up to two points may be
awarded for multiple drills attended in a day. Fifteen points are
earned per year for simply being in the Reserves.

Retirement pay is computed in a manner similar to active duty
retirement pay, except that effective years of service for the
retirement pay purposes are calculated by dividing the total
accumulated points by 360. For example, if the member accumulates
the minimum of 50 points per year for 20 years, his effective
years of service would be 2.8, and his monthly retirement pay
would be about 7% of monthly basic pay.® The opportunity to
vest active duty service provides an incentive for prior service
personnel to affiliate and remain in the Selected Reserves.

Basic pay and retirement pay are the major elements of
compensation for the Selected Reserve. However, a targeted
reenlistment bonus program began in FY78. A bonus of $900 was
offered to those who reenlist for an additional 3 years, while an
$1,800 bonus was offered to those who reenlisted for 6 years. 1In
FY79, an enlistment bonus program, offering nonprior service
recruits up to $2,000, was started. This was followed in FY81 by
an affiliation bonus for prior service recruits.

Reservists are also offered educational benefits, exchange
and commissary privileges while on extended active duty, and
health and life insurance benefits. Members who enlist, reenlist,
or extend for 6 years beyond a current obligation in the Selected
Reserves are offered educational benefits of $5,040 under the New
GI Bill begun in 1985. Before 1985 recruits to the Selected
Reserves were offered the choice between an enlistment bonus of up

5 For those who entered after the effective date of the 1981
DoD Authorization Act, the retirement pay would be 7% of an
average of basic pay over the last 3 years of service.
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to $2,000 or educational benefits of up to $4,000 for enlisting in
certain shortage skills.

2.5 RELEVANCE OF INSTITUTIONAL FACTORS FOR RETENTION MODELS

Retention models must reflect the policy and institutional
environment if they are to generate reliable estimates for
decisionmakers. Regardless of a model's theoretical elegance, it
will be of limited utility unless it captures the essence of the
Army's personnel systems. Ways in which the institutional context
will affect our model development and estimation are suggested by
the following issues.

Demographic Factors. The models must capture differences in
retention behavior that vary by personal characteristics, such as
scores on the Armed Forces Qualification Test, education, and
gender. Full-time reservists may require separate treatment from
the regular (part-time) reservists and behavior of the Guard may
differ from that of the Army Reserve. Reservists with prior
active service may exhibit such different behavior from reservists
with no prior service that separate models may be needed. The
unique features of the Army manpower-personnel systems underlying
these communities must be reflected in the model development and
the model estimation.

Population at Risk. Retention models focus on individuals
voluntary stay-leave decisions. Some studies, however, have
estimated models with samples containing members who were not free
to make a decision--either they were obligated to remain in the
military or they were not permitted to stay--that bias the
estimated model parameters.

Enlisted personnel sign contracts for specific lengths of
service. 1In general, they do not have the option of leaving until



they reach the expiration of the contract, at which point they
make a retention decision.® A fraction of enlisted personnel
reaching contract expiration, however, are deemed by the Army to
be ineligible to reenlist. Hence, this portion should not be
included in the analysis because they are not free to make a stay-
leave decision.

Enlisted personnel in the Reserves also sign contracts, but
they appear to be much less binding. This suggests a different
formulation of the reserve retention equations--one that is not so
dependent on time to contract expiration. Officers do not sign
contracts, but many face service obligations due to educational
assistance (especially academy graduates), military training, and
promotion after the 20-year point. An officer retention model
must be estimated only with a sample of individuals at risk to a
stay-leave outcome.

Finally, another way to look at the issue of service
obligations is to view the obligation as imposing a cost, but not
an infinite cost, of making a voluntary leave decision while still
under obligation. Hence, one might attempt to model retention
behavior as an annual decision, but include variables that |
indicate time remaining to ETS (enlisted) or to the completion of
obligated service (officers).

Active-Reserve Interaction. About 5% of those leaving the
military in the first term of reserve service affiliate with a
Guard or Reserve unit after separation. Because of the absolute
numbers involved, these losses from the active component represent
sizable gains to the reserve components. Moreover, from a total
force perspective, these losses could be viewed as a transfer (a

6 Some reenlist before reaching ETS, which raises additional
problems about the timing and measurement of the dependent and
independent variables.



form of retention). Alternatively, about 20% of reservists return

. to active status, and care must be exercised not to label them as
losses.
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3.0 RESERVE RETENTION LITERATURE REVIEW

This literature review examines the existing research on
retention in the Army Selected Reserves. Our interest focuses
upon the reenlistment decision in the Army Selected. However,
because of the overall paucity of research in this area, we have
expanded our review to include the other Services, and the
enlistment decision as well.

Interest in the reserves has increased significantly in
recent years, along with an increase in their relative
importance to the nation's defense. Somewhat surprisingly,
however, this has generated very little serious additional
research in the factors affecting the supply of reservists.
Below, the methods, data, and results of the available research
on reserve supply behavior are reviewed and the implications for
our research effort are discussed. Section 2 discusses the type
of decisions examinéd; Section 3 briefly reviews the economic
literature on the secondary labor market, or "moonlighting",
which provides a framework for analyzing reserve supply; Section
4 examines the methods and data employed in empirical studies of
reserve supply behavior; Section 5 discusses the results of
these studies with emphasis on the implications for compensation
studies; and Section 6 discusses the implications of the
literature for further work in the area.

3.1 TYPE OF DECISION

The decision to enlist or reenlist in the Selected Reserves
differs, in general, from a more typical occupational choice
decision in that participation in the reserves is largely "part
time". The decision to enlist in the reserves may serve as a
low cost way to experience military life. During the initial
period of active duty training, the member may decide whether he
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enjoys military life, and may choose to enter active duty
permanently. More generally, however, the reserves offer a way
to serve one's country while continuing to pursue civilian
interests, to obtain additional income to supplement earnings
from civilian employment, and to hedge against unemployment.

For those with prior active duty service but less than a full
career, reserve affiliation is a way to vest active duty service
toward retirement that might otherwise be lost.

Though service in the reserves is part time, it does impose
demands upon the member's time. Satisfactory participation
typically means that the member "drills" one weekend a month,
and also that he serves two continuous weeks on active duty for
training purposes. The condition under which the employer
grants the reservist the time necessary for participation is an
important determinant of the net financial rewards of service in
the Selected Reserves.

The decision to remain in the reserves is undoubtedly a
function of a plethora of factors, including patriotism, a
spirit of adventure, a desire to be with people of similar
backgrounds and interests, and others. The economic framework
for analyzing the decision to enlist or reenlist in the Selected
Reserves is the theory of moonlighting or participation in the
secondary labor market. This framework was developed most
rigorously by Shishko and Rostker (1976), and was applied by
them both to the decision to moonlight in the civilian sector
and to the decision to participate in the Selected Reserves.
This framework implicitly holds these intangible factors
constant, and concentrates on the effect of financial incentives
on reserve participation. This does not mean that these factors
are unimportant or irrelevant. Rather, the focus is on a set of
other incentives which can be used for policy purposes to affect
the supply of reserves.




In the next section, the theory of moonlighting, as
developed by Shishko and Rostker, is explored, and some evidence
concerning the determinants of moonlighting behavior in the
civilian sector is presented.

3.2 A MODEL OF MOONLIGHTING

Shishko and Rostker (1976) present a model of multiple job
holding and estimate a supply curve of moonlighting hours. The
individual whose indifference curves are represented in Figure
3.1 receives wage Wp at his primary job. Given this wage, the
individual would like to work L* hours, achieving utility U,.
However, constraints on hours worked at the primary job permit
only Lp hours and utility of Uy as shown at point A. If the
individual receives a wage offer in excess of his marginal rate
of substitution at A, he will increase utility by accepting the
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FIGURE4.1. MOONLIGHTING MODEL




offer and working at a second job. Given a moonlighting wage
Wn, he will choose to work Lp-Lg additional hours, thus
obtaining utility U;.

This model of multiple job holding is important for
understanding reserve behavior since over 93% of reservists hold
primary jobs in the civilian sector. 1In particular, Wp is a
significant policy variable for reserve participation.
Unfortunately, theory is ambiguous concerning the effects of
such determinants as Wp, Wo, and Lp. Worse still, there is
little empirical evidence, and even less consensus. In addition
to Shishko and Rostker's estimates, there are two studies which
focus on the effect of taxes on moonlighting. O'Connell (1979),
like Shishko and Roétker, uses tobit analysis. He adds a term
to the model which is the product of wages and the marginal tax
rate. Hunt, Hill, and Kiker (1985) use Heckman's tobit and
enter the marginal tax rate additively. Although all three
studies analyze data for men, O'Connell's sample is limited to
men age 45 to 59, and Hunt et al. study only blue collar
workers.

Theory states that the pure substitution effect of a change
in the secondary wage rate is positive. An increase in the wage
makes nonmarket time more costly, and more hours are worked, all
other things equal. Shishko and Rostker expressly test this
pure substitution effect and confirm the theory: a higher
secondary wage results in more hours worked on the secondary
job. In addition, Shishko and Rostker's combined substitution
and income effect resulting from a wage change is positive.

This combined effect is confirmed by O'Connell but rejected by
Hunt et al. who estimate a backward bending moonlighting supply
curve.

An increase in the primary wage will reduce moonlighting
hours if leisure is a superior good. This result is confirmed

by both Shishko and Rostker and O'Connell. However, Hunt, et
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al. estimate a significant positive coefficient. There is no
explanation in theory for this result.

The theoretical effect of a change in Ly depends in part on
the relative magnitudes of Wy and Wg. Where Wp is less than Wy
and leisure is superior, an increase in Lj means a decrease in
Ly. Both Shishko and Rostker and O'Connell find negative
effects for Lgp; Hunt et al. do not include the variable in their
model.

An increase in nonlabor income will reduce moonlighting
hours if, as expected, individuals use their increased income to
choose more leisure. Hunt et al. estimate the effect of
nonlabor income on hours through its effect on the reservation
wage. The positive effect of nonlabor income on the reservation
wage is translated to an implausible positive effect on
moonlighting hours. Nonlabor income in other studies is
insignificant.

All three studies agree that moonlighters are characterized
by larger families. The larger families no doubt encourage more
specialization, with wives specializing in household and
husbands in market production. In addition, Shishko and Rostker
find moonlighters to be younger than nonmoonlighters, and Hunt
et al. find them to have higher mortgage payments. Working
wives decrease moonlighting hours (we will examine the reasons
for this in Section 4).

Figure 3.1 can be'expanded to include the possibility that
the moonlighter switches his secondary job for his primary job.
This exchange is analogous to the reservist's returning to
active duty. An increase in military pay will swivel upward Wa
around N to Wy' and Wy around point A to Wp'. If W' exceeds
both W, and opportunities for continued moonlighting, the
reservist may return to active duty as shown at C on the graph.




3.3 METHODOLOGY

This section examines the methodology used in the
literature. It is divided into the following sections: 3.3.1
examines the data collection techniques, 3.3.2 explores the
decision models, and 3.3.3 discusses the estimation approaches.

3.3.1 Data Sources

There are only a few sources of data for the reserve
forces. This problem is compounded by the fact that the
military does not keep very complete records on the reserves.
This complicates research. Hence the literature elected to
study groups of servicemen with more complete records.

Quester's (1983) study of prior service enlistees drew its
data from a file used in a previous study at the Center for
Naval Analysis. The file contained data on Navy personnel whose
service obligations expired during fiscal year 1977-1980. Thus
demographic data could be drawn from the active Navy files.

From these observations, Quester extracted those persons who had
less than 77 months of service, were eligible to reenlist but
chose not to, and were paygrade E-5 or below. This extract was
then matched with the fiscal year 1976-1981 SELRES (Navy
Reserve) file. The result was a substantial sample population
of 58,035.

Grissmer, Doering, and Sachar's (1982) evaluation of the
1978 SR Reenlistment Bonus Test used an extensive data base
derived from four sources: the Initial Eligibility Rosters, the
Reserve Personnel Master Files, Monthly Status Reports, and
survey questionnaires. The participants were drawn from the
Army Reserve and the Army National Guard. They were all non-
prior servicemen with less than eight years of service and whose




term of service expired between January 1 and Décember 31, 1978.
The sample population was 15,315.

Other studies drew their data from this same data base.
The 1983 follow-up study used the test data as well as
longitudinal data from 1979 to 1981. Grissmer and Kirby (1984)
used the NG survey data and Burright, Grissmer and Doering
(1982) used the test's Master Files for the National Guard.
These two studies concentrated on the National Guard data
because of response bias in the Army Reserve datal.

There are obvious data collection problems for the
Reserves. Quester's study appears to have a reasonable sample
population. And while the 1978 SR Reenlistment Bonus Test
tapped many data sources, the Army Reserve data were found to be
biased. Burright et al. (1982) and Grissmer et al. (1984)
solved this problem by discarding the Army Reserve data. Their
study of NG behavior is based on a sound data base. 1In general,
a scarcity of data resources has contributed to the Reserve
research problem. |

3.3.2 Models

There is very little variation in the type of reserve
enlistment/retention model specified. Since the dependant
variable is whether to enlist or reenlist, the model estimates
the probability that an individual will enlist or reenlist given
a particular level of compensation. Hence the model will

lThe sample was approximately 75% National Guardsmen. This
result occurred because Congress allocated $2 million to the
Army Reserve study versus $3 million for the Guard study. Also,
the Army Reserve has a higher retention rate than the Guard so
that fewer Army reservists could participate even if the budgets
were equal. For further explanations of this sample bias see
Burright et al. (1982).
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estimate a probability value between 0 and 1. Two

. transformations which constrain the estimated probability to lie
within the unit interval are the logit and probit models.

Almost all the studies used the logit model.

Burright et al. use net reserve pay, net required days of
reserve service, demographic characteristics, and the civilian
work environment as explanatory variables. This last category
of variables, the civilian work environment, includes the
civilian hourly wage, the availability of overtime, employer
attitudes towards reserve participation and whether the
reservist must use vacation time for drills. These variables
are important to the reserve model as the decision to
participate in the Reserves resembles the moonlighting decision.
In the 1978 reenlistment bonus test, more than 93% of the
reservists were moonlighting2. Thus the civilian work
environment may potentially play an important role in the
reserve enlistment or reenlistment decision. Grissmer et al.
(1984), which relies on the same model, is the only other study

. which examines these variables.

Grissmer's analysis and follow-up of the SR Reenlistment
Bonus Test also employs a logit model. He examined the
reenlistment decision, the term of commitment, presence in the
reserve after the test ended, demographics, military experience
and regional characteristics as variables.

The only exception to the logit model is Quester's (1983)
model of the enlistment decision. She used a probit model with
the civilian unemployment rate, real military pay, skill rating,
mental group, age, and universal military training obligation as
variables.

’ 2 see Burright et al. (1982).
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3.3.3 Estimation Approaches

As with the models, there was little variance. Maximum
likelihood estimation was the favored approach. Quester used
both probit and ordinary least squares, and found little
variance between the two.

3.4 RESULTS

The responsiveness of reserves to pay and bonuses is
probably the single most interesting result from these studies
for policy purposes. Grissmer et al.'s analysis of the 1978 SR
Reenlistment Bonus Test data revealed that a $900 bonus for 3
years and a $1800 bonus for 6 years increased the reenlistment
rate from 38.4% to 40.6%. Also, the bonus increased the average
length of reenlistment term from 1.31 to 4.37 years and, after 2
years, 37.3% versus'30.4% of the reenlistees were still honoring
their reenlistment obligations. The follow-up study (1983)
estimated that over 7 years, 490 man-years would be gained for
every group of 1000 reservists offered the reenlistment bonus.

Some authors differentiate between net pay elasticities and
gross pay elasticities, where the former includes the mean lost
income from the civilian job as a result of reserve
participation. Grissmer et al. (1984) found a net pay
elasticity of .2 for the Army National Guard. Burright et al.
estimated a net pay elasticity of .12 and a gross pay elasticity
of .18 for the National Guard. Quester finds pay elasticities
ranging from .6 to 2.5, depending on the occupation of the Navy
reservist and the unemployment rate. Overall, the findings
indicate that pay has only a slight effect on reserve retention.
Quester's results suggest a larger effect on enlistment. The
elasticities are smaller than the moonlighting elasticity
measured for civilian moonlighters. This might be expected
since the net annual after-tax reserve income accounts for only




since the net annual after-tax reserve income accounts for only
7% of the typical reservist's income3.

Burright et al. also found that net reserve time, civilian
wages, and hours worked in a civilian job have only slight
effects on reserve retention. Respectively, the elasticities
are -.01, -.21. and -.26. As for the other civilian work
environment variables, there are few concrete results. The
employer's attitude towards reserve duty was reported by the
reservist and hence is not too accurate. When reservists have
to use their own vacation time to attend summer camp, the
proportional change in the reenlistment rate is -0.07. However,
only 9% of the respondents indicated that they were in this
situation and the aforementioned result is not statistically
significant.

3.5 CONCLUSION

There have been few studies of the relationship between
reserve compensation and reserve enlistments and reenlistments.
The previous research offers little insight as to the best
methods to use in any future work, at least, compared to the
voluminous research available for active duty personnel. Much
of the literature reviewed here was generated from the 1978
Selected Reserve Reenlistment Bonus Test. Several researchers,
including Burright and Grissmer, have noted that the Army
Reserve data is not very good. Hence the conclusions based on
this data are somewhat questionable.

Ideally, from a policy maker's point of view, a Reserve
compensation study would also address the indirect issues
concerning compensaﬁion. Since Reserve duty is widely viewed as

3see Burright et al.(1982).




a second job, the compensation issue includes mére than just
drill pay. The employer's policies concerning reserve
participation play an important role. If the reservist is not
fully compensated by his employer during reserve training or if
he is forced to use his paid vacation time for drills, reserve
compensation will be worth less than face value. If the
reservist believes that his employer views reserve participation
negatively, he may elect not to participate in the reserves for
fear that he may lose his primary job. Hence there is more to
the compensation issue than meets the eye. Burright et al.
(1982) tried to capture the civilian pay issue by
differentiating between net and gross compensation. They also
attempted to measure the effect of using paid vacation time for
drills and employers attitudes. Unfortunately, the former was
not statistically significant and the latter was a subjective
measure. Future research efforts must address these issues.

In conclusion, the previous literature offers little
specific advice for.any future projects, other than an
admonition that solid data may be difficult to obtain. On the
positive side, this brief review indicates that there is
certainly a fertile field for additional research.




4.0 APPROACH

4.1 ECONOMIC FRAMEWORK

Our approach is to build a model of reserve reenlistment
behavior based upon a sound economic theory of labor force
behavior. This does not mean that economic motives are the sole
reasons for participating in the reserves. Patriotism, a desire
to associate with people that share one's interests, and a
plethora of other factors undoubtedly influence this decision.
These factors and motivations will be included in the analysis
where feasible, and are implicit in the socio-demographic
variables that will be included in the retention equations.

Since reserve participation is part time, and is similar in
some respects to an avocation, factors that are less directly of
an economic nature are probably more important for explaining
reserve retention behavior than they are for the active
components.1 However, the extensive literature concerned with
retention behavior in the active force suggests that a framework
based upon economic theory is quite helpful for understanding and
explaining variation in retention behavior both cross-sectionally
and over time. Moreover, such a framework is particularly useful
for focusing upon key policy variables that can be expected to
affect reserve retention behavior, such as relative pay and
bonuses.

In contrast to the voluminous literature on active duty
retention behavior, very little research attention has been
devoted to the retention behavior of the Selected Reserve. The
only rigorous theoretical framework that has been applied to the
reserve affiliation or retention decision is the moonlighting

1 1ndeed, the conventional wisdom is that reserve behavior is
relatively unresponsive to purely economic variables.
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model of Rostker and Shishko (1976), reviewed briefly in
Section 3.

In our approach to reserve reenlistment, we build and expand
upon the "moonlighting" model of reserve reenlistment behavior in
several ways. First, we point out some problems in the direct
application of the moonlighting model to the reserve participation
decision that have been ignored in previous research. Second, we
incorporate the economics of family labor supply, and theory of
the allocation of time within a household, into the moonlighting
model. This "household" utility maximization hypothesis improves
upon the simple Rostker-Shishko model in that hypotheses
concerning the effect of spouse's labor market behavior on the
decision to reenlist in the reserves are derived. Moreover, it
provides a theoretical foundation for including the richer data on
reserve spouse labor market behavior that is included in the 1986
Reserve Component Survey. Third, we expand the model from a
dichotomous decision (reenlist or leave the reserves) to a
trichotomous decision (reenlist, leave, or enter active duty).
Finally, we briefly explore an alternative economic rationale for
motivating reserve participation based upon risk-aversion.

Though the Rostker-Shishko model is the direct precursor of
our approach, it has its foundation in the theory of the
allocation of time and the household production function, as
developed by Becker (1965), and the family or household utility
maximization hypothesis, as in Mincer (1962). The key insight is
that non- market time or "leisure" has value to the family in
"home production" -- productive activity that takes place outside
the labor market. The obvious example of this is childcare.
Moreover, the division of labor within the household will be
rational, based upon comparative advantages of each member of the
family in market and non-market productive activities. This
foundation should offer valuable insights in understanding and
explaining participation in the reserves.




4.2 THE MOONLIGHTING MODEL

The Rostker-Shishko model postulates a utility maximizing
individual who accepts a second job or "moonlighting" opportunity
because of a constraint on the number of hours he may work for
pay at his primary job. That is, at the hourly wage of his
primary job, he would like to work more but is not offered that
opportunity (at his current wage) by his primary employer.

In the simple set-up of the Rostker-Shishko model, the
individual allocates his time to his primary job, leisure or home-
production time, and a secondary job, to maximize a utility
function with leisure or non-market time and goods and services
produced in the marketplace as arguments. That is, his problem is
to:

maximize U(L,X) (4.1)
subject to: X=WpTp+WgTg+¥p
and T=Tp+Tg+L
where
L is leisure or non- market time;

X is a composite market good, defined so that the price is
unity.

Wp and Wg are the hourly wage rates in the primary and
secondary job, respectively;

Ty, and Tg is time spent in the primary and secondary
job, respectively;

Y, is non-labor income;

Y is pecuniary income defined as WpTp+Wg(T-Tp-L)+Yh. Note
that Y=X.




In addition, the constraint that Tp=Tp* (hours of work in the

primary job are fixed at Tp*) is imposed to motivate the model.

In the Rostker-Shishko model, there must be a limit on the hours
that the individual méy work at either the primary job or the
secondary job. Otherwise, the individual would allocate all his
labor market time to the job with the higher wage. We will
briefly explore an alternative motivation for moonlighting
behavior based upon risk aversion in section 4.7

From the indirect utility function, V(Wg,Y), we obtain the
moonlighting labor supply function:

Ts = T - Tp* +(dV/dWg)/ (dAV/dY) (4.2)

Solving for the first order conditions of (4.1), and totally
differentiating to obtain the properties of this function, we can
obtain the following propositions:

(a) Similar to standard labor supply theory, an increase in
moonlighting wage will have an ambiguous effect on the
supply of hours allocated to moonlighting, as long as
leisure is a normal good. The effect is most likely to
be positive, however. '

(b) An increase in the wage offered by the primary job, Wp,
will reduce the quantity of hours supplied to the
secondary job, as long as leisure (non- market time) is
a normal good.

(c) An increase in non-labor income, Y, will reduce hours
supplied to the moonlighting job, as long as leisure is
a normal good.

(d) An increase in required hours in the primary job, Tp*,
will reduce hours supplied to the moonlighting job if
leisure is a normal good and if the primary wage is
greater than the moonlighting wage.




4.3 A SIMPLE MODEL OF RESERVE REENLISTMENT

Our problem, of course, is not to predict the number of hours
an individual will spend moonlighting in the abstract, but to
predict the probability that an individual part-time soldier will
choose to reenlist in the Army Reserves. 1In this section, we
derive a simple economic model of reserve reenlistment behavior.
In the subsequent section, we discuss the limitations of this
model and, in particular, the failure to capture the institutional
aspects of the reserve reenlistment decision.

Suppose that we could assume that the member was going to
work hours in addition to those of his primary job, either in the
civilian sector or by remaining in the Selected Reserves.

Suppose, further, that we assume that the individual can choose
his additional hours of work in either sector, given the secondary
wage offer in either state.

Then, consider the indirect utility function in which we have
substituted the quantity of leisure and goods demanded, given
income and the price of leisure, that maximize utility. The
utility from state A, in which the member reenlists, and state B,
in which the member leaves the reserves and accepts a second job
in the civilian sector, are given by:

State A (reenlist): U{L(WAg,YR), x(WAg,YA))
State B (leave): U{L(WBg,YB),x(wBg,¥B)}

Substituting the constraint that X=Y, the reserve member will
reenlist if:

U{L(WwAg,YR), Y2} > U(L(wBg,YB),yB) (4.3)




Now, differentiate U(...) with respect to Wg, the secondary wage
and we can approximate UA-UB as2:

UA—UB=~{UL(dL/dws)+UL(dL/dY)(T-L—Tp*)+UY[T-L-Tp*)-(dL/dws)]}Dws

Divide through by Uy, the marginal utility of income, and we have
an approximation to the dollar amount of the welfare increase or
decrease from reenlisting in the reserves rather than leaving to
accept a civilian moonlighting job.3

(UA-UB)/UY=~{[T—L-Tp*-dL/dWs]+(UL/Uy)[(dL/dY)(T-L-Tp*)+dL/dWs]]}.
x (WAg-wBy)
=DR (4.4)

In words, the first bracketed expression is an approximation to
the dollar value of the difference in income that results from
reenlisting at wage WA rather than accepting a moonlighting job
in the civilian sector, while the second bracketed expression is
an approximation of the dollar equivalent value of the difference
in leisure, or home production time, associated with the choice.
This is simply the difference in "rent" from reenlisting rather
than leaving, under the restrictive assumptions we have made. Call
this measure "DR".4

2 We denote partial derivatives as "d" and total derivatives as
"Dll .

3 This measure is an approximation of the Marshallian consumer
surplus, or net rent, from a change in the secondary labor market
wage. We substitute (WA4-wB.) for Dws.

s s s

4 "DR" means the change in rents. Note that this is
conceptually similar to a one-period version of the Annualized
Cost of Leaving measure in the ACOL model that has been employed
successfully in the analysis of active duty retention behavior.
To see this, assume that moonlighting hours remain fixed; that is
dL=0. The, DR reduces to (T-Tp*-L)(WAg-WBg) -- the one-period
ACOL. For further discussion of the ACOL model, its problems and
some cures, see Matthew Black, Paul F. Hogan, and Steve Sylwester,
"A Dynamic Model of Navy Retention Behavior", SRA Cor oration,
1987.




Now, assume that there are non-pecuniary differences between
A and B, and they enter the utility function additively. These
differences interact with an individual's tastes and with other
unobservable random components to produce a dollar-equivalent
value of the net difference in state A and B due to nonpecuniary
factors. This difference, ej, is not observable to the
researcher, but is distributed according to f(ej), with cumulative
distribution F(e), among potential reservists at the reenlistment
point.® It is assumed to have a mean of zero and finite
variance. The criterion for reenlistment for individual i
becomes, reenlist if:

DRj + ej > 0 (4.5)

The probability that an individual reenlists, then, is the
probability that ej exceeds the value of the index DRj, or

Pr(ej>-DRj) = 1-F(-DRj) (4.6)

If F(...) can be approximated by a cumulative normal or logistic
distribution, this relationship can be estimated as a Probit or
Logit model, respectiVely. We can, in fact, obtain a measure of
DR by estimating a moonlighting supply curve, similar to Rostker-
Shishko. This can then be integrated to obtain our proximate
measure of the change in rents, DR.

This model, readily derived from economic theory, is similar
to the active duty models. Typically, in the active duty
reenlistment models, such as ACOL, it is assumed that leisure, L
is fixed at a constant amount, independent of the decision to

’

5 In fact, we can include demographic and other characteristics
of the individual that are correlated with differences in tastes,
and, perhaps, measures of the non-pecuniary differences in the
conditions of service in the reserves. Inclusion of these
measurable factors will, presumably, reduce the variance in e.
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reenlist. This is probably a satisfactory assumption in the
active duty model. Onerously long hours, deployments and sea duty
can be captured empirically in such models by inclusion of
variables representing time spent at sea or deployment.

This simple model, however, is not likely to capture the
relevant details of the reserve reenlistment decision.

4.4 COMPLICATIONS IN THE APPLICATION TO RESERVE REENLISTMENT

There are two interrelated issues: (1) will the individual
continue to participate in the secondary (moonlighting) 1labor
market and (2) if so, will it continue to be with the Army
Selected Reserves.

The problem is complicated by the nature of the Reserves.
The member must accept the combination of the reserve wage and
hours of work as an all-or-none package, and is not free,
typically, to adjust his hours of work in order to achieve an
optimal level of utility given his wage.

(1) The individual reservist cannot, in fact, choose his
hours of participation in the reserves, given his
reserve wage rate. He must, instead, accept the reserve
wage and required drills as a package. Because of this
institutional constraint, we cannot assume a nice
tangency between the marginal value of time and the
Reserve wage rate, as suggested by the first order
conditions. The analysis using the indirect utility
function is vitiated because the reserve is not
necessarily "on" his supply curve, or demand for leisure
curve.

(2) It is not necessarily the case that the member will
leave the reserves in order to accept a preferred
secondary job offer in the civilian sector. He may, for
example, choose not to moonlight. Hence, we must
consider withdrawal from the secondary labor market as
an alternative in the analysis.



We can adapt the'decision framework in light of (1) and (2)
as follows. We evaluate two alternative civilian states, B and
B'. The first is the case we considered previously in which the
reserve member leaves and accepts a moonlighting job in the
civilian sector. 1In the second, the member also leaves, but
withdraws from the secondary labor market. His value of leisure
is 1LB', presumably greater than LB, and moonlighting income no
longer appears as part of income.®

In this setup the criterion is, reenlist if:
U(IA,WhAg (T-LA-Tp*) +WpTp*+vy) ) >
max (U(LB,wBg(T-LB-T *) +WpTp*+¥n) , U(LB' , woTp*+vy) (4.7)

That is, the member will reenlist if the value to him of
reenlisting is greater than either the value of leaving and
accepting a civilian moonlighting position or the value of simply
leaving the reserves and withdrawing from the secondary labor
market entirely. We can no longer assume that the member will be
"on" his supply curve for part time work. When participating in
the reserves, he accepts a package of hours of work and wage.
Further, should he enter the civilian sector, he may choose a
"corner solution" of no hours of part time work. For these

€ We can motivate the withdrawal from the secondary labor market
in two ways. First, the member may have received a pay raise in
his primary job. Recall that one of the results of the Rostker-
Shishko model is that, if leisure is a normal good, an individual
will reduce moonlighting hours of work, and perhaps withdraw from
the moonlighting market, the higher is his primary job's wage.
Second, there may have been changes in the conditions of work in
his primary job requiring, perhaps, longer hours of work.
Assuming he keeps his primary job, the marginal value of leisure,
or home production, time increases, reducing desired moonlighting
hours, perhaps inducing withdrawal from the secondary labor
market. Other factors that increase the individual's marginal
value of time, unrelated to the labor market, may result in the
behavior.




reasons, we must, at least implicitly, attempt to evaluate the
value of reenlisting from a less convenient framework.

This setup suggests a random utility model with three
choices. A multinomial conditional logit model, with the choice
of reenlisting, leaving to moonlight in the civilian sector, and
leaving but withdrawing from the secondary labor market entirely,
would be one possible specification.’ However, in the data sets
available, we will observe only if the member leaves the reserves.
We will not know if he moonlights in the civilian sector.8 This
suggests a reduced form specification:

Prob (Reenlist) =
Prob(ap + aj[Tp*Wp+¥n] + apWBg +a3 WASTAg +XB +e>0)} (4.8)

where XB is a vector of individual characteristics, such as
marital status, number of children, etc. and associated
coefficients.

(1) We expect aj<0 because leisure is assumed to be a normal
good. The marglnal value of leisure will increase with
an increase in non-moonlighting income, reduc1ng the
probability that the member will moonlight in general,
and reenlist in the reserves in particular.

(2) We expect aj<0, of course, because WBg is the
opportunity cost of reserve service rather than private
sector moonlighting.

(3) Finally, a3>0 requires no explanation.

7 It may be the case that entering the civilian sector to
moonlight and withdrawing from the secondary labor market
altogether are very close substitutes. If this were the case, a
logit model would be inappropriate in that it assumes that
relative odds of any two choices are independent of the
characteristics of a third choice.

8 We will, however, be able to discern if the member entered
active duty. More on this in section 4.6.
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We assume that the individual has made the optimal decisions,
conditional upon being in either state A or B. As mentioned
previously, this means for case A that the member accepts a
combination of hours of work and wage, rather than adjusting
optimally given the wage. Note that, in this formulation, we
implicitly hold the member's full-time job constant between the
two states. This, however, does not mean that it does not affect
his retention decision. If leisure is a normal good, we would
expect that, other things being equal, the higher the member's
wage in his full-time job, the higher is his marginal value of
time and the less likely he is to continue part time work.

The equation (4.8) can be estimated as either a probit or
logit, depending upon the assumptions made concerning the error,
e. We are estimating the conditional probability of leaving, the
"hazard rate", and will include age and years of service variables
to control for the censoring that has occurred up to that point.
Our data set will consist of only a cross-section of observations
on civilian earnings, family size, and so forth, that are
available from the DoD Reserve Components Survey. We will then
determine if the member reenlisted by searching through subsequent
records, up to 18 months beyond the time of the DoD Survey. If
these variables are largely unchanged between the time the member
decided to enter the reserves and the time they are measured in
the survey, one would expect that they would have less explanatory
power than if there were changes. We can assume, however, that in
our cross-sectional measurement of these variables, those members
with above average civilian earnings experienced a larger increase
than those with below average earnings. Hence, we can interpret
the effect of cross-sectional differences between members in these
variables as consisting both of cross-sectional level differences,
and as relative increases and decreases in these variables
experienced by the individual member.
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4.5 INCORPORATING FAMILY OR HOUSEHOLD LABOR SUPPLY

The moonlighting model is motivated by assuming that the
individual faces a constraint on the hours he may work on his
primary job. At this constraint, the individual's marginal value
of leisure (or home production) time is not only less than the
wage rate at his primary job. It is also less than the wage in
his best secondary employment opportunity. Hence, the individual
chooses to moonlight.

Now, consider the same argument in the household or family
context consisting of two adult members. The family's problem is
to:

max U(Lp,Lf, X) (4.9)
subject to:
X=WppTP+WnsTe+WeT £+ Yn
Tn=Tp+Ts+Ln
Te=Tfy+Lf
Tp=Tp"
where:

Ly is the leisure or home production time of the spouse that
is a reserve member;

Lf is the home production time of the non-member spouse;

X is a composite of the goods and services that can be
purchased in the market, as before:

Tp and Tf are the total amounts of time available to the
member and non-member spouses, respectively;

Tp and Tg is time spent in the primary and secondary job for
tge member spouse, while Tgy is time spent working the labor
market for the non-member spouse;

Wmpr, Wpms and Weg are the wage rates of the member spouse in

his primary and secondary job and the wage rate of the non-
member spouse, respectively.
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We assume that the spouses are, at the margin, substitutes in
home production, but not perfect substitutes. That means that if
one spouse increases his allocation of time to the marketplace,
the marginal value of leisure or home production time of the other
spouse increases.

The first order conditions imply:®°

(ULm/Wng) = (ULg/Wg) (4.10)

From these first order conditions, and the innocuous
assumption that the member and non-member spouse are substitutes
in home production at the margin, it is clear that an increase in
the wage rate of the non-member spouse will induce a decrease in
desired moonlighting hours of the member. It will do this for two
reasons. First, the higher wage rate of the non-member spouse
will increase her hours of market work, raising the marginal value
of home production (or leisure) time of the member, inducing him
to reduce moonlighting hours. Second, leisure is assumed to be a
normal good. The higher income will increase the demand for
leisure of the family as a whole.l0

Consider a hypothetical example of the implications of the
household approach, as it applies to the reserve reenlistment
decision. Assume the member's spouse has just completed degree
requirements at the time the member must decide whether to

9 U, denotes the partial derivative of U(...) with respect to n.

10 There is the possibility that both the member and non-member
spouse will reduce hours of market work. Though this would negate
the first source of a reduction in the member's market time, it
will still result in a reduction in moonlighting hours through the
income effect. If the member and non-member spouse's time were
extremely strong complements in home production, it is possible
that the member's desired labor market time would increase upon an
increase in the wage of the non-member spouse, but this is
unlikely.




reenlist in the reserves. Presumably, this would mean a large
increase in the non-member spouse's market wage. The non-member
spouse would increase hours devoted to labor market, and,
presumably, reduce hours devoted to home production activities.
This raises the marginal value of time spent in home production
activities of the member. Without a sighificant increase in the
reserve wage, he will choose to leave the reserves and withdraw
from the secondary labor market and increase the time spent in
home production activities.

Revising our reduced form from the previous section to
incorporate the effect of spouse labor market behavior on reserve
reenlistment, we have:

Prob (Reenlist) =
Prob(ag + aj[Tp*Wp+WsTey+¥n] + asWBg +a3 WASTAg + asWg + XB +e>0)

(4.11)

As suggested above, we expect that ayg<0. Note that focus
upon the family and home productivity as well as market
productivity will allow us to interpret the effects of the
presence of children, especially young child, in a more coherent
fashion.

4.6 ACTIVE DUTY AS AN ALTERNATIVE TO RESERVE PARTICIPATION

The reserves and the active forces are naturally connected in
a number of ways. A potentially important institutional
relationship for reserve retention research is pay. Reserves and
active duty personnel share the same pay table. When reserve pay
rises relative to pay available from civilian moonlighting
opportunities, active duty pay typically increases relative to
civilian wage opportunities. Hence, though an increase in reserve
pay may increase the incentive to reenlist in the reserves, it may
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also increase the incentive to enter full time active duty
service.

A relevant alternative to service in the Army Reserves is
entering active duty service on a full time status.ll Failure to
consider the active duty alternative, if in fact it is a relative
alternative for Army reservists, will lead to biased, or
misleading estimates of the responsiveness of reservists to pay
changes. 1Indeed, the "conventional wisdom" that reservists are
unresponsive to pay changes may, in part, reflect the failure to
consider the active component alternative.

Figure 4.1 is a graphical exposition of how the Rostker-
Shishko moonlighting model may be affected by inclusion of the
active duty alternative.

INCOME

LEISURE gl N
FIGURE4.1. MOONLIGHTING MODEL

11 It has been estimated that as many as 20% of those leaving the
Army Selected Reserves in the first term of service enter active
duty. See Grissmer and Kirby (1985).
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In the stylized diagram, Wp is the wage in the primary job,
Wp is the wage in the Selected reserves, and Wa is the wage in the
active force. Wa is parallel to Wm, reflecting the relationship
between the active and reserve pay table. The individual works up
to his fixed hours in his primary job, and then Lp-Lg hours as a
reservist. Now, assume that the reserve and active duty wage
rates increase, while the wage in the primary civilian job remains
constant. While the individual is better off at the higher
reserve wage, he is better off still by returning to active duty.

In our empirical work, we will expand the choice set to
include three alternatives:

(1) Continue to participate in the reserves.

(2) Leave the reserves for the civilian sector, either
accepting a civilian moonlighting position or
withdrawing from the secondary labor market.

(3) Enter active duty.

The trichotomous model could be estimated as as multinomial logit
or probit model.l2

How relevant is the active duty choice for reenlistment
behavior in the Army reserve? This is an empirical question and
one of the topics for our research. The Defense Manpower Data
Center will attempt to determine if those sample in the 1986
Reserve Component survey who subsequently left the reserves did
return to active duty; It is clearly an important issue, both for
understanding the reenlistment behavior of the reserves, and for
understanding the relationship between the reserve and active

12 1n a logit specification, it is necessary to assume that the
errors are independent, the "independence of irrelevant

alternatives" assumption, that may be a poor assumption in this
instance.




component compensation system, and the implications of changes in
either.

4.7 MULTIPLE JOB HOLDING AS BEHAVIOR TOWARD RISK

As we have noted frequently, the motivation for holding
multiple jobs in the Rostker-Shishko model is a constraint on the
hours of work in the primary job. This is somewhat unsatisfying
in that Rostker and Shishko never provide an economic rationale
for this constraint. Hence, the theory may appear to be based
upon an arbitrary assumption. While one avenue of research is to
provide an economic rationale for the constraint on hours of work
in the primary job,13 we instead explore an alternative
motivation for multiple job holding based upon risk-aversion.
Moreover, this rationale for multiple job holding may provide some
new insights into factors affecting reserve participation.

An individual is said to be risk averse if he would prefer a
given income with certainty rather than an uncertain income that
has the same expected value. Diminishing marginal utility of
income is implied by risk aversion. That is, Uyy<0. We assume
that risk averse individuals choose to allocate their time among
competing pursuits, including possibly, multiple jobs, to maximize
expected utility, or:

max E[U(X,Y)] (4.13)
Assume that the individual may choose from among a numbér of

alternative jobs, and that he may allocate a number of his working
hours, Ty, to each job, which offers wage wy. Further, assume

13 A number of possibilities come to mind. For example, the
production process may require complementary resources. Hence, a
customary requirement for a fixed number of hours at specified
times may economize on the costs of coordinating the efforts of
the complementary resources.




that these jobs are risky, and that the probability that
individual is able to work the number of hours he planned is py-
Further, assume that the probabilities are not perfectly
correlated. Under these conditions, it can be demonstrated that
the individual may choose to hold more than one job. 1In essence,
he diversifies the risk of his "human capital" portfolio by
choosing to hold more than one job.

Risk diversification provides an explanation for multiple job
holding that does not rely on arbitrary constraints on hours
worked. The individual may be better off by reducing hours in job
1 and accepting some hours in job 2 even though the wage in 1 is
greater than in 2, wi>wy;. The possibility of multiple job holding
as behavior toward risk follows from the assumption of a non-zero
probability of a layoff, and diminishing marginal utility of
income. 14

The risk aversion model of moonlighting suggests additional
propositions concerning reserve participation. These, largely, do
not contradict the implications of the Rostker-Shishko model and
may be considered complementary. The following propositions and
insights appear to follow from the simple risk-aversion model:15

14 A numerical example illustrates the argument. Let the
individual's utility function in income be of the form:

U= Y ~-.00008 Y2

For simplicity, we ignore the value of leisure, and assume that
the individual's problem is to allocate 1000 hours of work between
two jobs. Job 1 offers a wage of $5 per hour and has a
probability of unemployment of .1, while job 2 offers only $4.9
per hour and has a probability of unemployment that is independent
of job 1, but is also .1.

Under certainty, the individual would obviously allocate 1000
hours to job 1 and no hours to job 2. However, with the specified
probabilities of unemployment, his expected utility is maximized
by allocating about 560 hours to job 1 and 440 hours to job 2.

15 we use "appear" advisedly in that we have not worked out the
mathematical details of the risk-aversion model.
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(1) Other things equal, the individual is more likely to
moonlight and therefore reenlist in the reserves the
higher is the risk of layoff in his primary job.

(2) Since the probability of involuntary separation in the
Selected Reserves is largely uncorrelated with
unemployment in the civilian economy, we would expect a
higher probability of reenlistment in the reserves
during periods of high general unemployment, and we
would expect higher reenlistment probabilities in
sectors of the country that have greater cyclical
unemployment risk in the civilian economy.

(3) Again, other things being equal, the member is less
likely to moonlight and therefore reenlist in the
reserves, the greater are the number of other
independent sources of family income.

(4) To the extent that participation in the reserves lowers
the cost to the individual of returning to active duty
service, an increase in the general or sectorial level
of unemployment may increase the probability that the
individual leaves the reserves and enters active duty.
Proposition (2) must be modified if this is the case.

We will refine these general propositions and test them
within the overall context of our reserve reenlistment model.
Propositions (1) and (2) can be analyzed within the context of the
reduced form reenlistment model presented in section 4.4. Tests
of (3) can readily be incorporated into the structure of the
household retention model discussed in section 4.5, while
proposition (4) is easily testable within the framework suggested
in section 4.6.

4.8 MODEL ESTIMATION

The models we have discussed are based upon individual
microdata with a dichotomous outcome variable of zero or one
depending upon whether the individual reenlists. The estimated
reenlistment models are probability models, predicting the
probability that, given individual characteristics, financial
incentives, general economic conditions, the member will reenlist.
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The models, therefore, will be estimated as Probit or Logit
models.

Probit and logit models have the desired property that,
unlike linear probability models, they constrain the predicted
probability of reenlistment to lie within the unit interval.
Moreover, they produce efficient estimates, with unbiased measures
of the standard error. This is not the case for the linear
model.

A multinomial logit or probit is useful if there is more than
one alternative to reenlisting from which the reservist may
choose. For example, we intend to analyze the case where the
reservist may enter active duty service, as well as leave for
purely civilian pursuits.

For the the case where there are only two options, the choice
between the probit and logit formulation is largely
inconsequential. It entails assumptions concerning the
distribution of the error. The probit assumes that the error in
the discrete choice model is distributed normally, while the logit
assumption is that the cumulative distribution of the error is
logistic. The logistic distribution is similar to the normal, but
is has slightly more density in the extreme tails of the
distribution. |

The multinomial logit model for the case in which there are
more than two alternatives from which to choose, suffers from the
"independence of irrelevant alternatives" problem. The functional
form forces the relative probability of choosing between A and B
to be independent of a third alternative C. This creates a
problem if C is a much closer substitute for one of the choices
than for the other.

For example, in the active duty retention literature,
researchers have estimated the member's choice among reenlisting,




extending and leaving as a multinomial logit model. This is a

' poor choice, in this instance, because adding or increasing a
reenlistment bonus, which increases the value of reenlisting
relative to the other two choices, reduces the number of people
extending by a greater proportion than it reduces the number of
people leaving. Hence, the relative probability of choosing
between extending or leaving is affected by the "irrelevant"
alternative of reenlisting.

The "independence of irrelevant alternatives" assumption can
be tested using the procedure outlined in Hausman and McFadden
(1984) .16 71f necessary, the somewhat more complex framework of a
nested logit, or a covariance probit can be used to overcome this
difficulty. The nested logit model is discussed in Maddala
(1983)17. The covariance probit has not been used frequently in
applied work.

The covariance probit model allows the correlation in the

errors among the choices to vary with individual characteristics

. as well as the choice. It satisfies the "independence of
irrelevant alternatives" criticism of the multinomial logit model,
while also permitting the researcher to account for other
unobserved differences affecting the choices. 1Its application to
the case of reserve reenlistment, using the cross-sectional data
base provided by the Reserve Components Survey, would contribute
to the literature in applied econometrics, as well as to our
knowledge of reserve reenlistment behavior.

16 see Jerry Hausman and Daniel McFadden, "Specification Tests
for the Multinomial Logit", Econometrica, v.25, September 1984.

17 gsee G.s. Maddala, Limited-dependent and Qualitative Variables

. in Econometrics, Cambridge University Press, 1983.
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5.0 RESERVE DATA SOURCES

INTRODUCTION

A lack of reliable data has hampered previous research
efforts on the Reserve components. However, the appropriate
data bases appear to be finally coming together. The data will
come from two sources: personnel files from the Defense
Manpower Data Center (DMDC) and the 1986 Reserve Components
Survey.

Our analysis file will begin with the Army sample from the
1986 Reserve Components Survey. This Survey contains data on
the socio-economic status of the member, data about his civilian
job, and data concerning the member's spouse and family that is
not available from any other automated source. This data set
will allow us to test propositions concerning the effects of a
member's family, and spouse's labor market participation, and
retention behavior that have not, heretofore, been explored.
DMDC will merge this data set with information available from
the members current and subsequent personnel files, and with
certain data from active duty records. This will allow us to
determine if the member subsequently left the reserves, if he
joined another reserve unit and if he left to enter active
duty.

Section 5.1 describes these data sources in greater detail
and Section 5.2 discusses how these sources will be used to
construct longitudinal files on reservists.




5.1 DATA SOURCES
5.1.1 DMDC Personnel Files

Though we plan to make greatest use of the Reserve
Components Common Personnel Data System, we briefly review all
the major sources of reserve data at DMDC.

Reserve Components Common Personnel Data System (RCCPDS):

RCCPDS is the official source for reserve strength. It includes
a transaction file for the Selected Reserves showing gains and
losses, back to FY78. The file provides monthly data and
includes information identifying the reservist, his unit, his
occupational specialty, pay grade, and demographic
characteristics, and of course, whether or not he continues to
participate.

Reserve Cohort File: These files follow all reservists entering
in a fiscal year. The Attrition Cohort file accounts for losses
from the cohort, and also looks for reentry into the Reserves

or transfer to active duty.

Reserve Career History: This cohort file, under development,
looks backward, as well as forward, to determine whether or not
a reserve accession had prior active or reserve service, and

provides data concerning the prior service.

Prior Service Milité;y Available (PSMA): The PSMA file includes

recent losses from active duty service who are eligible to
reenter either the active or reserve components.

Reserve Pay File: This file, under development, will provide
records of reserve pay, drills attended, and special and
incentive pays received.




5.1.2 1986 Reserve Components Surveys

. The 1986 reserve components surveys, sponsored by DMDC was
initially in the field in March 1986. It consists of two major
portions. The Reserve Component Member Survey consists of a
sample of about 121,000 selected reservists from all the
Services. The 1986 Reserve Components Spouse Survey will take a
census of the spouses of married members included in the Member
Survey. This is estimated to be approximately 79,000 spouses.
The survey promises to be an excellent source of information for
retention studies. It will include data on the labor force
status and civilian earnings of both member and spouse, hours of
work in civilian employment, and other variables considered
important in the theory of reserve participation.

5.2 DATA ANALYSIS FRAMEWORK

The 1986 Reserve Component Survey augmented with data from

. DMDC personnel records will support the development of Army
reserve retention . These files, when merged, will yield an
invaluable data base. By matching social security numbers, it
will be possible to track reservists through their military
career or to the point where they leave. This information will
allow for an examination of the explanatory variables involved
in the reenlistment decision.

The DMDC 1986 Reserve Component Survey contains valuable
information on the reservists. First, there are military
questions. They include questions on how reservists would
respond to increased drill time and their plans for the future.
Second, there is a financial section. The survey asks if the
reservist holds an outside job, whether that job is full time or
part time, their income and their spouse's income. Third, there
are questions concerning the civilian employer. Since the vast

. majority of reservists consider the Reserves as a second job,
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the attitudes of the primary employer plays an important role.
Questions about the employer's attitude towards the Reserves and
his policies on leave for military training are asked. Finally,
there is a section on demographics. These demographic questions
will help determine what type of individual joins the Reserves.
As a whole, the survey will provide important information on

a reservists attitudes towards the Reserves.

The DMDC personnel files will add important information to
the survey data. RCCPDS gives a military description of the
reservist, i.e. his unit, occupation, etc. Since these files
are updated monthly, they provide a longitudinal picture of a
reservists career. The Cohort Files record reserve accessions
as well as losses. It also looks for reentry into the Reserves
at a later date (possibly a different unit) or transfer to
active duty. When merged with the survey data, these files will
provide an accurate longitudinal data base from which to analyze
reenlistment behavior. Finally, a search of active duty prior
service accession files will be made to determine whether a
reserve member leaves to enter active duty service.

This rich data base will allow us to explore aspects of the
reserve reenlistment decision that have yet to be examined. The
analysis of the effects of family, civilian employer, spouse
labor market participation, and the active duty alternative on
reenlistment behavior are some of the issues that the creation
of this data set will permit.



4.0 COMPENSATION-RETENTION DATA SETS

A key constraint in developing econometric models is the
data available to estimate a model's parameters. A significant
portion of the model development effort, therefore, has focused on
assembling the best available data for estimating Army
compensation-retention models. This chapter describes the data
sets that will be used in the project. They fall into four
categories: enlisted longitudinal files, data on compensation
policy variables, data on post-service civilian earnings, and
Selected Reserves data files.

4.1 ENLISTED LONGITUDINAL FILES

A variety of different types of data sets have been used to
model enlisted retention. However, from an econometric viewpoint,
the best data for estimating reenlistment models should have two
characteristics. First, it should have the individual as the unit
of observation. This allows an individual's choices to be linked
directly to his particular values of the explanatory variables in
a model. Using more aggregated data to estimate models of
individual behavior can result in biased parameter estimates (see
Theil (1971)). Second, the data set should be longitudinal. By
observing the choices an individual makes at multiple decision
points, we can implicitly model the effect of unmeasurable
characteristics, such as tastes for military service, on the
reenlistment decision. The ACOL-2 model, described in Chapter 2,
demonstrates the usefulness of longitudinal data in modeling
retention decisions.

Given these considerations, we constructed a new database
that tracks individual soldiers through their active duty career.
This database has the following features:



o Complete career history. Each soldier in the database is
followed from accession through separation (or until 1987,
whichever comes first). By following individuals for their
entire Army career, this data set allows for the estimation
of retention models that include attrition as well as
decisions made at the expiration of an enlistment term.

0 AVF focus. The database covers almost the entire All
Volunteer Force period, including soldiers who accessed
from FY74 through FY84. With multiple accession cohorts,
it is possible to separate the effects on subsequent
retention rates of accession conditions, such as
unemployment, from the effects of changing force management
policies.

o Comprehensive sample. The database includes a large, random
sample of all Army accessions. There are sufficient
observations to model retention behavior by Career
Management Field (CMF), by prior and nonprior service, and
by other interesting subgroups.

© Rich data source. There is a wide variety of information on
each individual in the database. Data was collected at the
accession point, from annual snapshots during the soldier's
active duty career, and at separation. The data comes from
Defense Manpower Data Center (DMDC) files, from records
maintained by the Total Army Personnel Agency (TAPA), and
from Training and Doctrine Command (TRADOC) data.

© Designed for analysis. Special care has been taken to make
the information, which covers a 14 year period, consistent
across time. This facilitates the development of the
analysis files used in estimating retention models. The
database is also expandable, allowing new variables to be
merged with the existing files as required.

Rather than develop specialized data sets useful for only this
project, we have constructed a database with more general
application. It is a resource that should aid future research on
career force management as well. 1In the remainder of this
section, we outline the development of the enlisted longitudinal
files to date and discuss the next steps.

DMDC cohort, master, and loss records form the core of the
enlisted longitudinal files. The data from DMDC was gathered in a
four step process. First, a one-in-four random sample of all



Army, active duty, enlisted accessions (including prior service)

. from FY74 through FY¥84 was drawn, yielding a sample of
approximately 450,000 soldiers. Accession variables, such as date
of entry and home state at entry, were selected from the cohort
record for each sample member. Second, composite aptitude scores
were constructed from the ASVAB (or other entry) test results for
each individual in the sample.

Next, fiscal year-end master file records were matched with
the accession information. The master file records start with the
first one following an individual's accession date and continue
annually until separation or 1987, whichever comes first.l
Altogether, about 1.5 million master file records were added in
this process. Each record contains year-end information on a
soldier's grade, ETS, MOS, marital status, and other variables.
Finally, loss records for sample members were merged with the
other data. Loss records include all the variables on the master
record plus additional information about the characteristics of

. the separation.

The first step in creating the enlisted database, which has
been completed as of the date of this report, was to combine the
DMDC data into a single longitudinal record on each individual.
This involved the following steps:

o Variable selection. The variables included in the file are
shown in Figure 4.1. We eliminated repetitive data, such
as unchanging characteristics appearing on every master
record, and variables known to contain inaccurate or
useless data.

0 Recoding. Some variables in the DMDC data set had
different codes for the different years. These variables
were recoded to provide consistent values across the
longitudinal record.

lMaster file records in our file continue beyond the separation
point for individuals who leave the Army and return within 2

. years.



DMDC Variables in the

Enlisted Longitudinal Files

I. Accession Data

SSN Home of record

Date of Birth Sex

Race Ethnic group

Entry marital status Education

Prior service Date of accession

Date of contract (DEP) Length of enlistment
Entry pay grade Education benefits program
MEPS Enlistment bonus

Other enlistment programs Training MOS

AFQT PULHES

Composite scores

. II. Data from the Master File Record
Primary MOS Duty MOS
Education Pay grade
Marital status Number of dependents
CMF Base Active Service date
ETS date Date of rank
Pay Entry Base date Latest reenlistment date
SRB multiplier Unit zip code

III. Data from the Loss Record
(in addition to master file variables)

Character of service Interservice separation code
Date of separation Reenlistment eligibility
FIGURE 4.1




o Range checking. Variables were checked for values falling
outside of the range defined in DMDC documentation.

o Longitudinal organization. Inconsistencies that only
become apparent when yearly data are arranged in a time
sequence, such as master and separation records for the
same fiscal year, were resolved.

Appendix B describes the development of the enlisted database in

more detail, including a record layout and codebook of the values
for the variables.

With the DMDC data as a base, additional variables can be
added to the enlisted longitudinal files. Current plans call for
adding the following information:

© SQT scores. Skill Qualification Test (SQT) scores, along
with the test date and the MOS tested, for fiscal years
1980 through 1985 will be matched with individuals in the
database.

o Variables from the TAPA EMF. The TAPA Enlisted Master File
includes some variables, not included in DMDC records, that
may be useful in retention modeling, such as completion of
NCO schools. Data for FY84 through FY87 are readily
available and will be added to the database. Depending on
resource constraints, data from FY79 through FY83 may be
added as well.

o Constructed variables. Some information, such as whether a
reenlistment or extension occurred in a particular year,
must be constructed from a combination of variables in the
database. In the process of developing analysis data sets
from the enlisted longitudinal files, we are examining the
best way to construct these variables. When the algorithms

have been completed, these variables will be added to the
database.




4.2 COMPENSATION POLICY VARIABLES

Section 3.7 described how we will estimate an individual's
future military compensation, a key element in any retention
model. Those calculations require information on the pay,
bonuses, and allowances paid during the AVF period. 1In
particular, we have collected the following data elements:

o SRB multipliers. Selective Reenlistment Bonus multipliers
have been collected by zone, MOS, grade, and skill
identifier for the AVF period.

o Basic pay, BAQ, VHA, and tax advantage tables. These have
been assembled for FY74 through FY87.

4.3 POST-SERVICE CIVILIAN EARNINGS

Structural retention models, like the ACOL-2 model, require
estimates of an individual's potential earnings if he leaves the
Army. The ideal data set for analyzing retention would have
information on post-service earnings merged onto the military
career history of those who separated. This would allow for
estimation of a civilian earnings function along with the
retention model, providing estimates of civilian earnings that are
corrected for sample selection bias. Currently, this data set
does not exist.

To estimate post-service earnings functions in this project,
we will use the best available data set, the Post-Service Earnings
History File compiled by DMDC. This file includes Social Security
and IRS earnings information on officers and enlisted personnel
who separated from all services between 1972 and 1980.




From an analytical perspective, there are three potential
problems with this data set. First, the observations have been
grouped to preserve the confidentiality of the earnings data. As
described above, this may cause aggregation bias in the estimated
parameters of the civilian earnings function. Second, the set of
variables available to explain variation in post-service earnings
is limited. For example, military occupations are only known at
the one-digit level. And third, the data set only includes
separatees, making it impossible to estimate civilian earnings
functions adjusted for sample selection bias.

Although there is nothing that can be done about the grouped
structure of the data, we can deal with the other two problems by
supplementing the Post-Service Earnings History File. Groups of
both stayers and leavers, defined in the same way as the groups of
separatees in the post-service earnings file, can be constructed
from the enlisted longitudinal files. From these groups, new
variables can be constructed and the sensitivity of estimated
parameters to selection bias can be tested.

4.4 SELECTED RESERVES DATA

As noted in the design paper for the Selected Reserves
retention analysis, one of the problems with previous studies has
been the type of data available for analysis. Data sets
constructed from personnel files alone do not provide all the
variables implied by even the simplest models of reserve retention
behavior. For example, wages on the primary job are a key
determinant of labor supply in the moonlighting market, but this
information is not found on Reserves personnel files.
Alternatively, surveys can collect this type of data, but models
estimated with survey data alone must use retention intentions,
rather than actual behavior, as the outcome variable. As
intentions do not always correlate highly with behavior, this is
less than satisfactory.




To overcome these problems, the analysis of Selected Reserves
retention in the Compensation Models Project will use a unique
data set that combines survey and personnel records data. The
core of this file is the Army portion of the 1986 Reserve
Components Survey, which was administered by DMDC. Reserve
Components Common Personnel Data System (RCCPDS) records from the
survey administration date, 12 months after the survey, and 18
months after the survey have been merged with the survey data,
providing information on retention behavior. In addition,
individuals in the survey sample were matched against the enlisted
master files to identify those who left the reserves to join the
active duty forces. We have also collected Reserves bonus
information for the period covered by the merged analysis file.

4.5 SUMMARY

The preparation of analysis data sets is an integral part of
the model development process. Too often data are collected
without any understanding of how they will be used analytically.
This can lead to data sets that are incomplete or structured in
such a way that useful analysis is impossible. It should be clear
from reading this report that there is a close link between the
theoretical compensation-retention models we have developed and
our data collection efforts. By tapping a variety of sources,
including military personnel files, administrative records, and
survey results, and combining data from different sources, we have
collected unique data sets on which to base the analysis.
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APPENDIX A

THEORETICAL DEVELOPMENT OF THE ACOL AND GOTZ-McCALL MODELS

As discussed in Chapter 3, the ACOL-2 mode! contains essential features of both the original
ACOL and Gotz-McCall models. An understanding of these models provides insights into the
workings of the ACOL-2 approach.

A.1 ANNUALIZED COST OF LEAVING (ACOL) MODEL

The ACOL model provides a simple, yet appealing, framework for analyzing military retention
decisions. The major analytic insight of the ACOL model is that it provides a methodology for
evaluating the income streams obtained from different prospective lengths of military service and

linking the optimal income stream to retention. Here we briefly outline the ACOL approach.

For an individual at year of service (YOS) t, the expected returns to remaining s more years in

military service, then entering the civilian sector, are:

t+s
— =t +1 (A1)
RS(s) = Z M+ R, WL
J=t
where:
RS(s) = expected present value of the income stream from s more years.
M; = expected active duty pay in yearj,j=1t,...t + s.
Rit+s) = expected present value of retirement income stream if the individual serves
t+s years.
Wit+s) = expected present value of the civilian wage stream if the individual serves
t+syears.
d = 1 _where p=individual's rate of time preference.
1+p




The returns to leaving immediately are:

RL=Rt+W‘ (A2)
where:
R, = present value of the retirement income stream if the individual leaves at
yeart.
W, = expected present value of the civilian wage stream if the individual leaves
at yeart.

Now let y be the individual’s net preference for the nonpecuniary aspects of military versus
civilian life.1 The individual will prefer a strategy of remaining s more years to leaving immediately
only if:

t+s
RS(s) - RL + z &ty >0 or
j=t
(A.3)

t+s )
COLE) > - > &'y

Jj=t

where COL(s) = RS(s) - RL is the financial cost of leaving now rather than staying s more years.

The ACOL criterion for deriving the horizon of future service s that is relevant for retention

decisionmaking is easily derived. First divide both sides of Equation (A.3) by:

t+s

2 &
j=t

Then the retention criterion is to stay if there exists at least one horizon s for which
COL(s)
2 &
Note that - y is the individual’s net preference for civilian life and
COL(s) _
St

>-y

(A.4)

11t can be thought of as the amount the individual would be willing to pay each year to stay in the
military if annual military and civilian compensation were the same.
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is the annualized cost of leaving (ACOL) variable. The retention criterion is to stay if

MAX{A.:s=1,...,30-t}> -y

The retention criterion in the ACOL model is to stay if and only if there exists at least one
horizon of future service over which the annualized difference between military and civilian wages,

Ag, exceeds the individual’s net preference for civilian life.2

This retention criterion is intuitively appealing. Moreover, it has proven highly useful in
analyses of alternative retirement systems because it permits comparison of income streams with

radically different timing.

Letting A, = MAX {Ag:s = 1, ..., 30 - t}, values of A, are linked to retention rates as follows. If

-y is distributed across individuals via some distribution function, Fy(-ip), the retention rate ryis:
r,= Ft(As,) = Pr(As, > —y)
It is often assumed in the ACOL model that Fy(-y) is logistic. Thus,

1
rt=F£(As‘)=Pr(As‘> -\p): —-—mm (A.5)
l1+e ¢ ¢

where a, is an intercept parameter, and b is a slope parameter. Once b has been estimated (see Enns,
Nelson, and Warner, 1984; and Warner and Goldberg, 1982, 1984), the mode! is used to predict

changes in retention rates by use of the first difference of the logistic function:

Ar‘ = br‘(a—r‘)AA.‘ (A.6)

The effects of other factors on retention (e.g., the civilian unemployment rate and sea/shore
rotation) have been added to the retention function. Warner and Goldberg (1982, 1984) have
estimated the effects of these factors using historical Navy enlisted retention data. The effects of

these factors have subsequently been incorporated into the Navy’s enlisted ACOL model.

2Note that the horizon for which ACOL is maximized is not the optimal leaving point for each
individual who stays. It is simply a convenient decision rule. If the maximum ACOL is not
greater than the individual’s distaste, than any other ACOL will also be less than the “distaste”.
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The Navy’s enlisted ACOL mode! has also been revised to distinguish between reenlistments
and extensions because some elements of compensation, primarily bonuses, may not affect each
outcome proportionately. This distinction is made by a generalization of the logistic retention
function shown above. We eschew a discussion of this distinction here to focus on the key features of
the ACOL model.

Advantages. The ACOL model is an important contribution to retention analysis in that it
incorporates future, as well as current, compensation into a single variable that influences current
stay-leave decisions. Furthermore, the model permits inclusion of additional explanatory variables
into the retention function, yielding greater insight and reducing the possibility of omitted variable

bias.

The model is parsimonious and relatively straightforward to understand and to convert into an
automated policy analysis model. The ACOL model has been demonstrated to generate fairly
accurate forecasts of the changes in enlisted retention that have taken place over the past several

years. Its ease of use and predictive ability have engendered much confidence in the model.

Shortcomings. A significant weakness of the ACOL model is that it fails to address the self-
selection problem. This is a serious limitation which, until recently, was of unknown dimension.
Most empirical models will predict minor changes in compensation, but more fundamental shifts (due
to changes in the retirement system or substantial erosion of benefits) would impose much greater
demands on the estimated model. In short, the ACOL model lacks a theoretical linkage between
ACOL, other explanatory factors, and tastes on the one hand and the retention rate on the other
(Warner, 1981). Moreover, because ACOL tends to rise with year of service along with the average
value of the unobserved tastes, the ACOL coefficient will be biased.

A second problem is that the model, interpreted.literally, implies deterministic predictions.
For a given cohort, a value of ACOL at the second reenlistment decision point that is greater than the
value that cohort faced at the first-term point implies that the second-term reenlistment rate will be
unity. Anyone with a “taste” component greater than the first-term ACOL value negative in absolute

value will have left at the first-term decision point.



A.2 STOCHASTIC COST OF LEAVING MODEL (SCOL)

The Stochastic Cost of Leaving (SCOL) model developed by Gotz and McCall (1980) offers a
way to solve the selectivity problem. This is accomplished by specifying retention as a function of a
cost of leaving variable (COL), an individual-specific taste parameter, ypj;, (assumed to remain fixed
over time), and a transitory stochastic term, E;,, that is random across individuals and time. The
transitory error term includes all unobservable factors excluded from the model that are unrelated to

the unknown permanent taste variable.

Gotz and McCall specify a complex derivation of each individual's COL (expressed in present
value rather than annualized terms). In brief, COL represents the present value of future earnings
opportunities over all possible military service intervals, where the value of each interval is wéighted
by the expected probability of serving over that interval. The probabilities, in turn, are predicted by

the model according to each individual’s permanent taste parameter.

Warner (1981) shows that their derivation yields the following interpretation. For individual i,

30-¢
] (A7)

scoL, = > ] [cousndﬂpi

s=1 ¢

where COL(s) is defined as the cost of leaving now rather than remaining s more periods. Il is the ith
individual’s probability of staying exactly s more periods. It depends on y;, his own taste for military
service. Since ZIl; = 1, SCOL; is essentially a weighted average of the ith individual’s cost of leaving

defined over all possible intervals of future service.

After calculating SCOL; for each individual, the retention criterion is to stay if SCOL; + ¢, >
0, where ¢, is the transitory error factor. Thus the individual stays if ey > - SCOL;. It is assumed that
the transitory errors, g, are governed by the normal cumulative probability density F(e,) with mean 0
and standard deviation o;. Thus, if F(ey is the cumulative density of &, the probability that the ith
individual will remain in service from year 1 through year t is

ﬁ J Y e (A.8)
J

i=1¢ ~SCOL..
Jj=1 7}
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Equation (A.8) is the probability that a given individual (with taste factor y; ) will remain in service

for t years.

We may now derive the survival rate of a whole cohort of individuals from year 1 through year
t. Assume that G(y;) is assumed to be normal with mean My and standard deviation oy. The survival

rate to year t of the personnel in this initial cohort is

@ 4 [
5= I ’ I [ dFe .)] dGly) (A9

~el =1 -scor, J :
where the conditional retention rate at YOS t is r, = Sy/S,.;. While this formulation looks
mathematically formidable, all we are doing is weighting the survival probabilities of different

personnel in the initial cohort by the relative frequencies of different values of ;.

This formulation of the retention function handles the self-selection problem in an internally
consistent fashion. For given values of Hy, Oy, O, and a specified military compensation system, the
model predicts the whole career pattern of survival and retention rates. A simulation analysis by
Warner (1981) showed that the model can accurately predict the pattern of retention rates under the
current compensation system and that it gives plausible predictions of the effects of various changes

in the system.

Advantages. The SCOL model represents an advance over the ACOL model in its ability to
handle the self-selection process. Although the retention function in this model is much more

complex than in the ACOL model, this complexity is necessary to overcome the selectivity problem.

Shortcomings. In our view, the SCOL model has two primary shortcomings. First, the
calculation of SCOL values is complex and is more cumbersome and time consuming than the
calculation of ACOL values. Even in the age of fast computers, this can be a drawback in a policy
analysis environment. It is not clear how much additional rigor or realism is attained by calculation
of SCOL values rather than calculation of ACOL values. Do individuals in fact form retention
decisions by evaluating the costs of leaving over all possible future horizons of service, as the SCOL
model presumes, or do they base decisions on leaving costs derived from a single, dominant horizon,
as the ACOL model presumes? We believe that the ACOL model’s reliance on a few key time horizons

may, in fact, be an adequate characterization of the retention decisionmaking process.
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The second drawback to the SCOL approach is more serious. SCOL is a single-variable model.
It is a model in which the state of the civilian economy, personal attributes, certain military
personnel policies, and other environmental factors are either ignored or included as part of the
unobservable taste or transitory error factors, y and E;. Compensation is the only factor determining
retention; these other factors come into play only insofar as they affect the model parameters By, Oy,

and o;. Thus, it is not possible to relate other variables to military retention.
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DOCUMENTATION FOR ARMY EPR DATA BASE
APRIL 5, 1988

Two tapes containing data for Army Enlisted Personnel were
requested from DMDC by Dave Smith of SRA Corporation. The tapes
were created from a 25% sample of all Army Enlisted Accessions
between fiscal years 1974-1984 (07/01/73 - 09/30/84). This was a
random sampling of every fourth accession record from each yearly
file. Next, the Social Security numbers resulting from the
random sampling were matched with the Fiscal Year end Master/Loss
files for Army Enlisted personnel and with the ASVAB Composite
Scores files. The Loss records picked up represent the latest
Loss record for that individual for that Fiscal Year, regardless
of the type of Loss. The resulting file has an Accession record
followed by 0 to 14 Master records, 0 to 14 Loss records, and 1
Composite record.

Each record is 103 characters long with a match flag in the
103rd position indicating the type of record it is. For
a Master/Loss record the 101st position contains the Fiscal Year
of that record. For Accession records the Fiscal Year of the
record can be derived from the field "Date of Entry - Year" and
"Date of Entry - Month", as this is the date that an individual
physically begins his/her service (for those who enter the
Delayed Entry Program, this date represents a contract date to
the U.S. Army, but "Date of Entry" remains the date when duty
begins). For Composite records, the date of the record is the
"Date of Entry" from the Accession record for this individual, as
Composite tests are administered upon Accession.

The data elements to be extracted from each type were told
to Fu Associates by Dave Smith of SRA Corporation. They are
outlined below.

From an Accession record:

Social Security number Term of Enlistment

Home of Record (zip code) Entry Pay grade

Home of Record (state code) Program Enlisted for 1-5
Home of Record (county code) AFEES/EPS Station

Date of Birth (year, month, day) Enlistment Bonus

Sex Enlistment Option

Race Training MOS

Ethnic Group Training MOS Skill

Race Ethnic Identifiers #1-2

Marital Status PULHES

Highest Year of Education Waiver Code

Prior Service Test Form

Date of Entry into Delayed Entry AFQT Percentile

Program (year, month) AFQT Groups ‘

Time in Delayed Entry Program (months) Original AFQT Percentile
Date of Entry (year, month, day) Original AFQT Groups

Aptitude Areas #1-16



From a Master record:

DoD Primary Occupation Code ETS Date (year, month, day)
DoD Duty Occupation Code Date of Rank (year, month)
Highest Year of Education Date of Latest Reenlistment
Pay Grade (year, month)
Marital Status Component .
Number of Dependents SRB Multiplier available
Primary MOS ‘ after 7/85
Primary MOS Skill Identifiers #1-2 Pay Entry Base Date
Duty MOS - available after 9/78 (Yyear, month, day)
Base Active Service Date Unit Identification Code

(year, month, day) available after 12/74
Duty MOS Skill Unit Zip Code

Identifiers #1-2 available after 10/79

Career Management Field
available after 07/78

From a lLoss record:

All of the above Master record information as well as:

Character of Service InterService Separation Code
Reenlistment Eligibility Separation Date

It was proposed by Fu Associates and Dave Smith that for those
years where an individual had both a Loss record and a Master
record, and the Loss was a "true" loss (indicated by an ISC Code
between 0-99) the information in the Loss record would supersede
the information in the Master record. If the Loss was not a
"true" loss (indicated by ISC code 100+) the Master data would be
kept and the information unique to a Loss record would be kept as
well. For both cases, if information is missing from the
superseding record but exists in the subordinated record that
information will be retained.

For Fiscal Years 1984+ data from the Army EMF files will be
added for every year that data exists for an individual. The
fields to be used from the EMF data as outlined by Dave Smith,
are listed below.

Citizenship Status Skill Qualification Test

Term of Service MOS Tested

Language Identity SQT - Test Date

NCO Education SQT -~ Percentile Score

Date Last Permanent Change of Station Previous SQT - MOS Tested
(year, month) Previous SQT - Test Date

Additional Pay Eligibility Previous SQT - Percentile

Proficiency Pay Score

Date Eligible to Return Overseas Exceptional Family Member

Date Departed Last Overseas Program

Number Times Enlisted/Reenlisted Current Promotional Points Date

Enlisted Option Code Current Promotional Points

Career Management Field



Upon receipt of the tapes, Fu Associates pulled the first
1000 records and separated them into five files depending on the
type of record. This was based on the five possible formats of
the inconing records: (1) Accession records (2) Master/Loss
records 1974-1975 (3) Master/Loss records 1976-1984 (4)
Master/Loss records 1985-1987 (5) Composite Scores. Frequencies
were then run on the data to determine the range of values for
each field. This helped assess the usefulness and- accuracy of
the fields chosen for the final file to be created.

The record layout for the final file was proposed by Fu
Associates and presented to Dave Smith of SRA and Dave Horne of
ARI, Army Research Institute. Fu Associates 1is currently
creating a preliminary file as per the proposed file layout.
Ultimately two files will be created. One will be a fixed length
character file to support a variety of software applications.
The second will be a SAS data base created from the character
file. Both files will contain records consisting of core
Accession/Composite data and Master data or Master and Loss data
for every year available for the individual.

Frequencies will be run on the preliminary file created by
Fu Associates. DMDC in California recommends throwing out all
values which are not in the range specified by the documentation
or by their personnel. Fu Associates proposes looking at each
out-of-range value and its frequency. If the occurrence of an
out-of-range value is random, a 0 or a blank can be substituted,
indicating "unknown". If an out-of-range value occurs with some
frequency, that value should be investigated as having possible
significance omitted in the documentation. Fu Associates will
present all such cases to ARI and SRA for a decision before
proceeding.

The following fields have already been specificaliy targeted
for recoding or possible omission:

From Accession records:

1. Home of Record (county code): this field was found to have
data values of up to 5 digits even though a county code has 3
digits. It appears that the left 2 digits are state codes which
already appear in the field "Home of Record State". Fu
Associates proposed dropping these left 2 digits and retaining
the rightmost three digits as an individual’s home county code.

2. Ethnic Group: according to Army documentation, this field
was coded as follows until Fiscal Year 1982 (10/81).

1. Spanish Descent 8. Aleut

2. American Indian 9. Cuban American

3. Asian American 10. Chinese

4. Puerto Rican . 11. Japanese

5. Filipino 12. Korean

6. Mexican American 13. Other

7. Eskimo 14. None



This field was coded as follows from Fiscal Year 1982 (10/81)
and after:

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

lo0.
11.
12.
13.
14.

3. R

Mexican

Puerto Rican

Cuban

Latin American

Other Hispanic Descent
Aleut

Eskimo

N. American Indian
Chinese

Japanese

11.
12.
13.
14.
15.
1e6.
17.
18.
19.
20.

Korean

Indian

Filipino -

Vietnamese

Other Asian Descent
Melanesian

Micronesian

Polynesian

Other Pacific Island Des
Oother/None

Fu Associates proposed keeping the later codes and recoding
the data prior to Fiscal Year 1982 (10/81) as follows:

Spanish Descent
American Indian
Asian American
Puerto Rican

Filipino = 13. Filipino
Mexican American = 1. Mexican
Eskimo = 7. Eskimo
Aleut = 6. Aleut
Cuban American = 3. Cuban
Chinese = 9. Chinese
Japanese = 10. Japanese
Korean = 11l. Korean
Other = 20. Other/None
None = 20. Other/None

21. Spanish Descent (pre FY82)
8. N. American Indian

22. Asian American (pre FY82)
2. Puerto Rican

ace Ethnic: according to Army documentation prior to Fiscal

Year

1.
2.

1982 (10/81), this field was coded as follows:

White
White Spanish

3.
4.

Black
Malayan

After Fiscal Year 1982 (10/81), this field was coded as follows:

1.
2.
3.

White
Black
Hispanic

4.

5.
6.

American Indian
Alaskan Native
Asian/Pacific Islander
Other/Unknown

Fu Associates proposed keeping the later ‘codes and recoding
information prior to FY 1982 (10/81), as follows:

0.
.
2.
3.
4.

White/Non-Spanish = 1. White
White/Spanish = 3. Hispanic
Black = 2. Black
Malayan =

6. Other/Unknown

5. Asian/Pacific Islander




5. Prior Service: according to the documentation, prior to
03/79, this field was coded as follows:

1. Non-prior Service 11. Prior Service - Air Force
7. Prior Service - Army 13. Prior Service - Marine Corps
9. Prior Service - Navy 16. Prior Service - Other

After 03/79 this field was coded as follows: -
1. Non-prior Service 16. Prior Service

Fu Associates and Dave Smith of SRA propose keeping the old codes
and recoding any instances of "16" after 03/79 as a 17 - Prior
Service - Unknown. This way the more detailed information from
the earlier years is not lost and the ambiguous number "16" from
the later data remains distinct.

7. AFQT Percentile Original, AFQT Group Original: according to
DMDC these fields are not useful. They represent AFQT scores
which were incorrectly normed against the 1944 general population
test scores. In 1984, AFQT scores from 1976 and on were normed
correctly against the 1980 general population test scores and put
into the fields "AFQT Percentile" and "AFQT Group". Given this
information, it is recommended that the original incorrect scores
not be part of the final file.

8. Enlistment Bonus and Enlistment Option: A test run of 21,000
records showed that all data from FY’s 1974-1975 was invalid for
this field. At this time Fu Associates recommends leaving this
field blank for these years in the final data base.

From Master/loss records:

1. Marital Status: according to the documentation, up until
07/85 this field was coded as follows:

1 - Single 2 - Married
After 07/85 this field was coded as follows:

1 - Single (never been married)
2 - Married
3 - No Longer Married

Fu Associates proposes keeping data after 07/85 as 1is and
recoding any "1" prior to this as a "4 - Single (pre 07/85)".
Creating a new value will allow a later "1" to remain distinct
from an earlier "1"

2. Duty MOS, Skill Identifiers #1-2: according to the
documentation this field is only available after Fiscal Year

1979 (09/78).

3. Career Management Field: according to DMDC this field is
available after 07/78.




4. SRB Multiplier: according to the documentation, this field

is available after 07/85.

5. Unit Jdentification Code: according to the documentation,
this field is available after 12/74. o :

6. Unit 2ip Code: according to the documentation, this field is
available after Fiscal Year 1980 (10/79).

From a Loss record:

1. Character of Service: according to the documentation and
DMDC after Fiscal Year 1983 (10/01/82) the value "5 -
Uncharacterized" was added to the code and a blank was assumed
"unknown", but prior to this date a blank in this field is
ambiguous as it could mean either uncharacterized or unknown.

2. Reenlistment Eligibility: according to the documentation
prior to Fiscal Year 1979 (10/01/78) this field was coded as

follows:

1 - Eligible 2 - Ineligible

After 10/01/78 (FY79), a set of 21 codes was developed to specify
the type of eligibility/ineligibility. Fu Associates proposed
keeping all values after FY79 and recoding the earlier "1" as a
"5 - Eligible (pre FY79)" and the earlier "2 - Ineligible (pre
FY79)" so that they remain distinct from the later "1" and "2".

3. 1InterService Separation Code: according to the documentation,
after Fiscal Year 1986 (10/85) the code "016 - Unqualified for
Active Duty" became "016 - Unqualified for Active Duty - Other"
and "017 - Failure to Meet Weight/Body Fat Standards". Fu
Associates proposes keeping the later codes and recoding the pre
FY86 "016" as an "018 - Unqualified for Active Duty or Failure to
Meet Weight/Body Fat Standards". Again this is to keep later
more detailed data distinct from earlier, more ambiguous data.

4. Base Pay Effective Date: 1In a test run of 21000 records, Fu
Associates found that every single loss record for 1974 had
invalid data in this field. At this time this field will remain
blank for all 1974 1loss records rather than assign an invalid
date to the final data base.

It should be noted that Fu Associates verified with DMDC in
California, that all files were delivered with the original
coding intact. Therefore there will be no recoding of values
which have already been updated.

At this point there are no proposed changes to the Composite
records.



During the creation of a test file as per the proposed file
layout, Fu Associates found that some individuals had more than
one Accession record. Since DMDC took every fourth record from
each yearly Accession file, this is a random occurrence. An
individual would have to be picked up as a fourth occurrence in
more than one yearly file. This situation was presented-to Dave
Horne of ARI and Dave Smith of SRA. R

In order to keep the variable Social Security Number a
unique number (no two records could have the same SSN), it was
decided that space would be made available in the output record
for 12 fields from a second Accession record. It should be noted
that if a third, fourth, etc. occurrence of an Accession record
should be found, the interim Accession record(s) will be replaced
by the data from the last Accession record found. The final
record will always contain an individual’s first occurrence of an
Accession record and if there is more than one Accession record
for that individual, the last occurrence of an Accession record.
(There may exist, of course, other Accession records for any
individual, that were not part of the 25% sample received from
DMDC) .

1. Home of Record - State

2. Entry Marital Status

3. Entry Education Level

4. Date of Entry - Year, Month, Day
5. Term of Enlistment

6. Entry Paygrade

7. Program Enlisted for #1-5
8. Enlistment Bonus

9. Enlistment Option
10. Training MOS
11. Waiver
12. AFQT

It should also be noted that in 1976, when the government fiscal
year changed from July to June to October to September. This
file puts accession records during July, 1976 - September, 1976
as part of FY 1976.

On March 24, 1988 Fu Associates met with Dave Smith and Dave
Horne. The following decisions were made:

1. The fields Education Certificate and Record Identification
were dropped from the Accession section of the final data base
due to lack of valid data from the DMDC files.

2. Enlistment Option and Enlistment Bonus were determined
to be invalid for FY’s 1974-75.

3. AFQT Percentiles of 100 were not Kkept as valid data for
the final data base.

4. Base Pay Effective Date will not be used for loss records
from FY 1974.



5. In those cases where a second accession occurs, the first
set of composite scores will be assigned to the final data base
even if they are blank and the second set will not be kept.

6. All transaction records, ISC codes of 0 and 100+, where a
master record exists for the same year, will be used to fill in
any missing data from the ex1st1ng master record. It will not be
used to override any existing master record data, merely to fill
in blank fields. '

7. All loss records, ISC codes 01-99, where master file data
already exist will override this data. If a data element is
blank in the loss record but not in the master record the master
file data will remain in place.

During further testing, Fu Associates discovered that often
a loss/transaction record can predate the date of entry on the
Accession record. This occurs when an individual reaccesses in
the same fiscal year as he/she had quit the service or had some
other transaction. Since our file may only have the second (or
third or fourth) accession the prior loss record contains old and
incompatible data. For this reason, any loss records prior to
the date of entry on the accession record will be dropped.

The program was run on the full DMDC tapes on April 4th,
1988. It should be noted that there was at least one occurrence
of a second Accession with the same date of entry as the first
Accession. If a subsequent Accession occurred the second
Accession data would have been replaced by this third (or fourth,
etc.) accession.

Since the data element Current Assignment Code was not
available from Winnie Young’s EMF files. It was dropped from the
final file.



1.

2.

®

VARIABLE
NAME

8SN
HOMZIP1
CODE VALUES:

THREE DIGIT
ZIPS

006,007,009
010-027
028-029
030-038
039-049
050-059
060-069
070-089
088
090-~149
150-196
197-199
200-205
206-219
220~246
247-268
270-289
290-299
300-319
320-339
350-369
370-385
386-397
400-427
430-458
460-479
480-499

HOMZIP2

RECORD LAYOUT FOR ARMY EPRDB

APRIL

DATA

Bocial Security #

Home of Record

STATE

PUERTO RICO
MASSACHUSETTS
RHODE ISLAND
NEW HAMPSHIRE
MAINE

VERMONT
CONNECTICUT
NEW JERSEY
VIRGIN ISLANDS
NEW YORK
PENNSYLVANIA
DELAWARE
DISTRICT OF CO
MARYLAND
VIRGINIA

WEST VIRGINIA
NORTH CAROLINA
SOUTH CAROLINA
GEORGIA
FLORIDA
ALABAMA
TENNESSEE
MISSISSIPPI
KENTUCKY

OHIO

INDIANA
MICHIGAN

Home of Record

5, 1988

RANGE

000000001~
999999998

001~-999

LUMBIA

01-99

BOURCE
FILE

ACCESSION/
COHORT

ACCESSION/
COHORT

THREE DIGIT
Z21PS

500-528
530-549
550-567
570-577
570-577
590-599
600-629
630-658
660-279
680-693
700-714
716-729
730-749
750-799
800-816
820-831
832-838
840-847
850-865
870-884
890-898
900-966
967 (99)
967-968
969

970-196
980-994
995-999

ACCESSION/
COHORT

80URCE NEW
POS POS
1-4 1-9
7-8 10-12
STATE

JOWA

WISCONSIN

MINNESOTA

NORTH DAKOTA
SOUTH DAKOTA
MONTANA
ILLINOIS
MISSOURI
KANSAS
NEBRASKA
LOUISIANA
ARKANSAS
OKLAHOMA
TEXAS
COLORADO
WYOMING
IDAHO

UTAH

ARIZONA

NEW MEXICO
NEVADA
CALIFORNIA
AMERICAN SAMOA
HAWAII

GUAM

OREGON
WASHINGTON
ALASKA

9 13-14



VARIABLE SOURCE SOURCE NEW
NAME DATA RANGE FILE Po8 POS
4. HOMEREC Home of Record 01-56 ACCESSION/ ~ 10 15-16
state - FIPS COHORT
CODE VALUES:
STATE CODE STATE STATE CODE STATE
01 ALABAMA 29 MISSOURI
02 ALASKA 30 MONTANA
03 AMERICAN SAMOA 31 ~ NEBRASKA
04 ARIZONA 32 NEVADA
05 ARKANSAS 33 NEW HAMPSHIRE
06 CALIFORNIA 34 NEW JERSEY
07 CANAL ZONE 35 NEW MEXICO
08 - COLORADO 36 NEW YORK
09 ' CONNECTICUT 37 NORTH CAROLINA
10 DELAWARE 38 NORTH DAKOTA
11 DISTRICT OF COLUMBIA 39 OHIO
12 FLORIDA 40 OKLAHOMA
13 GEORGIA 41 OREGON
14 GUAM 42 PENNSYLVANIA
15 HAWAII 43 PUERTO RICO
16 IDAHO 44 RHODE ISLAND
17 ILLINOIS 45 SOUTH CAROLINA
.8 INDIANA 46 SOUTH DAKOTA
19 TIOWA 47 TENNESSEE
20 KANSAS 48 TEXAS
21 KENTUCKY 49 UTAH
22 LOUISIANA 50 VERMONT
23 MAINE 51 VIRGINIA
24 MARYLAND 52 VIRGIN ISLANDS
25 MASSACHUSETTS 53 WASHINGTON
26 MICHIGAN 54 WEST VIRGINIA
27 MINNESOTA 55 WISCONSIN
28 MISSISSIPPI 56 WYOMING
5. HOMCNTY Home of Record 01-999 ACCESSION/  63-64 17-19
County - FIPS COHORT

Information in this field which is 5 digits, i.e. 25025, 33005, 33011,
etc. should have the first two digits dropped as these are state codes
entered unnecessarily. ‘025‘, ‘005’, ‘011’ are the correct County codes.

6. DOBYY Date of Birth Year 01-99 ACCESSION/ 13 20-21
COHORT
7. DOBMM Date of Birth Month 01-12 ACCESSION/ 14 22-23

COHORT



VARIABLE S8OURCE BOURCE NEW
NAME DATA RANGE FILE PO8 POS
8. DOBDD Date of Birth Day 01-31 ACCBBBION/ .. 18 24-25
COHORT )
9. BEX 8ex 1-2 ACCESSION/ 19 26
COHORT
CODE VALUES: 1. MALE 2. FEMALE
10. RACE Race 1-3 ACCESSION/ 20 27
COHORT
CODE VALUES: 0. UNKNOWN 1. WHITE 2. BLACK 3. OTHER
11. ETHGP Ethnic 01-22 ACCESSION/ 21 28~29
' COHORT
CODE VALUES:
Information after 10/81 is coded as follows:
1. MEXICAN 11. KOREAN
2. PUERTO RICAN 12. INDIAN
3. CUBAN 13. FILIPINO
4. LATIN AMERICAN 14. VIETNAMESE
5. OTHER HISPANIC DESCENT 15. OTHER ASIAN DESCENT
6. ALEUT 16. MELANESIAN
7. ESKIMO 17. MICRONESIAN
8. N. AMERICAN INDIAN 18. POLYNESIAN
9. CHINESE 19. OTHER PACIFIC ISLAND DESCENT
10. JAPANESE 20. OTHER/NONE
Information prior to 10/81 will be recoded as follows:
OLD NEW
1. SPANISH DESCENT 21. SPANISH DESCENT (pre 10/81)
2. AMERICAN INDIAN 8. N. AMERICAN INDIAN
3. ASIAN AMERICAN 22. ASIAN AMERICAN (pre 10/81)
4. PUERTO RICAN 2. PUERTO RICAN
5. FILIPINO 13. FILIPINO
6. MEXICAN AMERICAN 1. MEXICAN
7. ESKIMO 7. ESKIMO
8. ALEUT 6. ALEUT
9. CUBAN AMERICAN 3. CUBAN
10. CHINESE 9. CHINESE
11. JAPANESE 10. JAPANESE
12. KOREAN 11. KOREAN
13. OTHER 20. OTHER/NONE
14. NONE 20. OTHER/NONE



VARIABLE
NAME DATA
12. REDCAT Race Ethnic

13.

14.

CODE VALUES:

RANGE

BOURCE SOURCE  NEW
FILE POS POS
ACCESSION/ 22 3o

COHORT

Information after 10/81 is coded as follows:

1. WHITE
2. BLACK
3. HISPANIC

Information prior to 10/81 will be

OLD

0.

1. WHITE/NON-SPANISH

2. WHITE SPANISH

3. BLACK

4. MALAYAN

ENTRYMS Marital status

CODE VALUES:

1. SINGLE - DEPENDENTS UNKNOWN
10. SINGLE - NO DEPENDENTS
11. SINGLE -~ ONE DEPENDENT
12. SINGLE - TWO DEPENDENTS
13. SINGLE - THREE DEPENDENTS
l14. SINGLE - FOUR DEPENDENTS
15. SINGLE - FIVE DEPENDENTS
16. SINGLE - SIX DEPENDENTS
17. SINGLE - SEVEN DEPENDENTS
18. SINGLE - EIGHT DEPENDENTS
19. SINGLE - NINE DEPENDENTS

ENTRYED Highest Year of

Education at Entry

CODE VALUES:

1. 1-7 YEARS

2. 8 YEARS

3. 1 YEAR HIGH SCHOOL

4. 2 YEARS HIGH SCHOOL
5. 3-4 YEARS HIGH SCHOOL

(NO DIPLOMA)

6. HIGH SCHOOL DIPLOMA

4.
5.
6.

AMERICAN INDIAN/ALASKAN NATIVE
ASIAN/PACIFIC ISLANDER
OTHER/UNKNOWN

recoded as follows:

NEW
6. OTHER/UNKNOWN
l. WHITE
3. HISPANIC
2. BLACK
5. ASIAN/PACIFIC ISLANDER
1,2,10-29 ACCESSION/ 23 31-32
COHORT
2. MARRIED - DEPENDENTS UNKNOWN
20. MARRIED - NO DEPENDENTS
21. MARRIED - ONE DEPENDENT
22. MARRIED - TWO DEPENDENTS
23. MARRIED - THREE DEPENDENTS
24. MARRIED - FOUR DEPENDENTS
25. MARRIED - FIVE DEPENDENTS
26. MARRIED - SIX DEPENDENTS
27. MARRIED - SEVEN DEPENDENTS
28. MARRIED - EIGHT DEPENDENTS
29. MARRIED - NINE DEPENDENTS
01-13 ACCEBSION/ 18 33-34
COHORT
7. 1 YEAR COLLEGE
8. 2 YEARS COLLEGE
9. 3-4 YEARS COLLEGE (NO DEGREE)
10. COLLEGE GRADUATE
11. MASTERS OR EQUIVALENT
12. DOCTORS OR EQUIVALENT
13. HIGH SCHOOL G.E.D.



VARIABLE S8OURCE S8OURCE NEW
NAME DATA RANGE FILE POo8S POS
15. PRIRSRC Prior Bervice 1,7,9,11,13, ACCESSION/ 40 35-36
16,17 COHORT T
Information prior to 03/79 is coded as follows:
CODE VALUES:
1. NON-PRIOR SERVICE 11. PRIOR SERVICE AIR FORCE
7. PRIOR SERVICE ARMY 13. PRIOR SERVICE MARINE CORPS
9. PRIOR SERVICE NAVY 16. PRIOR SERVICE/OTHER
Information after 03/79 will be recoded as follows:
1. NON-PRIOR SERVICE 1. NON-PRIOR SERVICE
16. PRIOR SERVICE 17. PRIOR SERVICE/UNKNOWN
16. DEPYY ~ Date of Entry 01-99 ACCESSION/ 186 37-38
into DEP Year COHORT
17. DEPMM Date of Entry 01-12 ACCESSION/ 187 39-40
into DEP Month COHORT
18. MONSDEP Months in DEP 01-11 ACCESSION/ is8s8 41-42
COHORT
9. DOEYY Date of Entry Yr 01-99 ACCESSION/ 58 43-44
COHORT
20. DOEMM Date of Entry Mn 01-12 ACCESSION/ 59 45-46
COHORT
21. DOEDD Date of Entry Day 01-31 ACCESSION/ 60 47-48
COHORT
22. TERMENL Term of Enlistment 01-99 ACCESSION/ 61 49-50
COHORT

Number of years of service for which an individual has contracted.

23. ENTRYPG Entry Pay Grade 00-31 ACCESSION/ 62 51-52
COHORT
CODE VALUES:

0. EOO 8. EO8 20. 000 27. 007
1. EO1 9. EO09 21. 001 28. 008
2. EO02 10. WOO 22. 002 29. 009
3. EO3 11. WOl 23. 003 30.. 010
4. EO4 12. Wo02 24. 004 31. 011
5. EO5 13. Wo3 25. 005

6. EO06 14. WO4 26. 006

7. EO07



VARIABLE BOURCE S8OURCE NEW
NAME DATA RANGE FILE POoSs PosS
24. PGMNLF1 Program Enlisted ACCESS8ION/ 65 . 53
for 1 COHORT
25. PGMNLF2 Program Enlisted ACCESSION/ 66 54
for 2 COHORT
26. PGMNLF3 Program Enlisted ACCESSBION/ 67 55
for 3 COHORT
27. PGMNLF4 Program Enlisted ACCESBION/ 68 56
for 4 COHORT
28. PGMNLFS Program Enlisted ACCESSION/ 69 57
for S COHORT
'CODE VALUES:
0 - NO VEAP KICKER AND NO EUROPEAN B - 3 YEAR VEAP $12000
ASSIGNMENT C - 4 YEAR VEAP $12000
1 - VEAP KICKER AND CONUS ASSIGNMENT D - TUITION ASSISTANCE/2 YEAR
2 - NO VEAP KICKER WITH EUROPEAN ENLISTMENT
. ASSIGNMENT E - TUITION ASSISTANCE/3 YEAR
3 - VEAP KICKER WITH EUROPEAN ENLISTMENT
ASSIGNMENT F - TUITION ASSISTANCE/4 YEAR
4 - RAISED VEAP KICKER ENLISTMENT
5 - NO VEAP KICKER G - NONCONTRIBUTORY VEAP-$2000-2 YEAR
6 - $2000 VEAP KICKER ENLISTMENT
7 - $4000 VEAP KICKER H - NONCONTRIBUTORY VEAP-$4000-3 YEAR
8 - $6000 VEAP KICKER ENLISTMENT
A - 2 YEAR VEAP $8000 I - NONCONTRIBUTORY VEAP-$6000-4 YEAR
ENLISTMENT
29. AFESMEP AFEES/EPS 01-78 ACCESSION/ 72 58-59
COHORT
THE FOLLOWING VALUES ARE ACCEPTABLE FOR ANY RECORD DATE:
1. ALBANY, NY 31. FT. JACKSON, SC 56. INDIANAPOLIS, IN
3. BALTIMORE, MD 32. JACKSON, MA 57. KANSAS CITY, MO
5. BECKLEY, WV 33. JACKSONVILLE, FL 58. MILWAUKEE, WI
6. BOSTON, MA 34. KNOXVILLE, TN : 59. MINNEAPOLIS, MN
7. BUFFALO, NY 35. MEMPHIS, TN 60. OMAHA, NE
8. CINCINNATI, OH 36. MONTGOMERY, AL 61. SIOUX FALLS, SD
9. CLEVELAND, OH 37. NASHVILLE, TN 62. SAINT LOUIS, MO
10. COLUMBUS, OH 38. RALEIGH, NC 63. BOISE, ID
12. HARRISBURG, PA 39. SAN JUAN PR 64. BUTTE, MT
13. ILOUISVILLE, KY 41. ALBEQUERQUE, NM 65. SALT LAKE CITY,
14. MANCHESTER, NH 42. AMARILLO, TX 66. FRESNO, CA
15. NEWARK, NJ 43. DALLAS, TX 67. LOS ANGELES, CA
16. NEW HAVEN, CT 44. EL PASO, TX 68. OAKLAND, CA
18. PHILADELPHIA, PA 45. HOUSTON, TX 69. PHOENIX, AZ



19. PITTSBURGH, PA 46. LITTLE ROCK, AR 70. PORTLAND, OR
20. PORTLAND, ME 47. NEW ORLEANS, LA 71. SEATTLE, WA
22. RICHMOND, VA 48. OKLAHOMA CITY, OK 72. SPOKANE, WA
24. SPRINGFIELD, MA 49. SAN ANTONIO, TX 73. ANCHORAGE, AK
25. SYRACUSE, NY 50. SHREVEPORT, LA 74. HONOLULU, HI
26. WILES-BARRE, PA 51. CHICAGO, IL 75. ~ GUAM

27. FT. HAMILTON, NY 52. DENVER, CO 76. SAN DIEGO, CA
28. ATLANTA, GA 53. DES MOINES, IA 77. 'ATLANTIC ENL
29. CHARLOTTE, NC . 54. DETROIT, MI 78. PACIFIC ENL
30. CORAL GABLES, FL 55. FARGO, ND

THE FOLLOWING CODES ARE ONLY VALID FOR RECORDS PRIOR TO 01/01/82:

2. ASHLAND, KY 21. PROVIDENCE, RI
4. BANGOR, ME 23. ROANOKE, VA
11. FAIRMONT, WV 40. ABILENE, TX
17. WHITEHALL, NY
VARIABLE S8OURCE SOURCE NEW
NAME DATA RANGE FILE POS POS
30. ENLBON Bonus Option 1-6 ACCESSION/ 73 60
COHORT
Available from FY76 only.
CODE VALUES:
1. COMBAT ARMS $0-1,500 4. NON COMBAT ARMS $0-1,500
2. COMBAT ARMS $1,500-3000 5. NON COMBAT ARMS $1500-3000
3. COMBAT ARMS $3000+ 6. NON COMBAT ARMS $3000+
31. ENLOP Enlistment Option 1-21 ACCESSION/ 74 61-62
COHORT
Available from FY1976 only.
CODE VALUES:
1. ADVANCED ENLISTMENT GRADE PLUS TRAINING OR SKILL, UNIT OR GEOGRAPHIC
LOCATIONS, AND BUDDY PROGRAM.
2. ADVANCED ENLISTMENT GRADE PLUS UNIT OR GEOGRAPHIC LOCATION AND BUDDY
PROGRAM.
3. ADVANCED ENLISTMENT GRADE PLUS UNIT OR GEOGRAPHIC LOCATION.
4. ADVANCED ENLISTMENT GRADE.
5. ADVANCED ENLISTMENT GRADE PLUS UNIT OR GEOGRAPHIC LOCATION AND
TRAINING OR SKILL.
6. ADVANCED ENLISTMENT GRADE PLUS TRAINING OR SKILL GUARANTEE.
7. ADVANCED ENLISTMENT GRADE PLUS BUDDY PROGRAM.
8. ACCELLERATED PROMOTION PLUS TRAINING OR SKILL GUARANTEE, UNIT OR
GEOGRAPHIC LOCATION AND BUDDY PROGRAM.
9. ACCELERATED PROMOTION PLUS UNIT OR GEOGRAPHIC LOCATION AND BUDDY
PROGRAM.
10. ACCELERATED PROMOTION PLUS UNIT OR GEOGRAPHIC LOCATION.
11. ACCELERATED PROMOTION. :
12. ACCELERATED PROMOTION PLUS BUDDY PROGRAM AND TRAINING OR SKILL
GUARANTEE.
13. ACCELERATED PROMOTION PLUS TRAINING OR SKILL GUARANTEE.
14. ACCELERATED PROMOTION PLUS BUDDY PROGRAM.



15. TRAINING OR SKILL GUARANTEE PLUS UNIT OR GEOGRAPHIC LOCATION
AND BUDDY PROGRAM.
16. UNIT OR GEOGRAPHIC LOCATION PLUS BUDDY PROGRAM.

17. UNIT OR GEOGRAPHIC LOCATION.

18. TRAINING OR SKILL GUARANTEE PLUS UNIT OR GEOGRAPHIC LOCATION.
19. TRAINING OR SKILL GUARANTEE PLUS BUDDY PROGRAM.
20. TRAINING OR SKILL GUARANTEE. -
21. OTHER.
VARIABLE S8OURCE
NAME DATA RANGE FILE
32. TMOS Training MOS8 2 NUMBERS, ACCESSION/
1 LETTER COHORT

33.

34.

3s.

36.

37.

Military occupational specialty which an individual is entering
the service to acquire. See Appendix A for code values.

T8KID1 8kill Identifier #1 1 LETTER

OR
TSKID2 8kill Identifier #2
1 NUMBER
PULHES1 PULHES 1 NUMBER
PULHES2 PULHES 1 NUMBER

A series of codes giving a description
normalcy. Each letter corresponds to

follows:
P - GENERAL PHYSICAL WELL-BEING H -
U - UPPER EXTREMITIES E -
L - LOWER EXTREMITIES S -

ACCEBSION/
COHORT

ACCESSION/
COHORT

ACCESSION/
COHORT

ACCESSION
COHORT

BOURCE
Pos

81-83

84

85

41

42

3R
@ =

63-65

66

67

68~69

70-71

of an individual‘’s physical
a particular area of health as

HEARING

EYES AND VISION
PSYCHIATRIC WELL-BEING

Each area is scored from one through four:

COMPLETELY HEALTHY 2
MORE SERIOUS DEFECT REQUIRING 4
WAIVER FOR ENTRY

[
o

MINOR DEFECT

UNWAIVERABLE DEFECT

This field is treated as two separate three digit codes, comprised

of the score for areas PUL and areas HES.

All fours are converted

to fives, and then each of the three digits is multiplied together
and the product of each set is stored in its appropriate position.
This method means the original scores in individual area can never
be retrieved, however, certain ranges can be determined to signify

general good health or the presence of

WAIVER Waiver Code 00-17

a defect.

ACCESSION/
COHORT

55

72-73



CODE VALUES:

0. NOT APPLICABLE 9.
l. AGE 10.
2. NUMBER OF DEPENDENTS 11.
‘3. MENTAL QUALIFICATION 12.
4. MORAL QUALIFICATION 13.
5. PREVIOUS DISQUALIFICATION/ 14.
SEPARATION 15.
6. LOST TIME 16.
7. PHYSICAL QUALIFICATION (EPTS) 17.
8. PHYSICAL QUALIFICATION
VARIABLE
NAME DATA RANGE
38. TFORM Test Form 01-40
CODE VALUES:
1. ECFAl 10. AFQT 8A,D 19.
2. ECFA2 11. AFQT 8B/AQB 20.
3. ECFA3 12. AFQT 8C/AQE66 21.
4., ASVAB 13. SBTB 22.
5. AFWST/5 14. SBTB2 23.
6. AFWST/6 15. SBTB3 24.
7. AFQT 7A,D 16. BTB3 25.
8. AFQT 7B 17. BTB4 26.
9. AFQT 7C 18. BTB5 31.
39. AFQT AFQT Percentile 01-99
40. AFQTGPS AFQT Groups 1-8
CODE VALUES:
1. 1-9 2. 10-15 3.
5. 31-49 6. 50-64 7.

41.

42.

SOLE SURVIVOR MEMBER

EDUCATION - _ - .

ALIEN -

SECURITY RISK |

CONSCIENTIOUS OBJECTOR

PAY GRADE

SKILL REQUIREMENTS

PREDICTOR REQUIREMENTS

OTHER
S8OURCE BOURCE NEW
FILE POS POS
ACCESSION/ 24 74-75
COHORT

BTB6 32. ASVAB2

BTB7 33. ASVAB3

BTBS 34. ASVAB4

BTB-R1 35. ASVABS

ACB73 36. ASVAB6

ACT 37. ASVAB7

AQB 38. ASVABS

AQE66 39. ASVAB9

ASVAB1 40. ASVAB10
ACCESSBION/ 25 76-77
COHORT
ACCESSION/ 26 78
COHORT

16-20 4. 21-30

65-92 8. 93-99

Aggregations of percentile test scores attained by individuals on
the Armed Forces Qualification (or equivalent) Test.

AFQTORG

AFQT % Original

01-99

ACCESSION/
COHORT

79

79-80

This field is only valid between FY76 to FY80 (07/01/75-09/30/80).

AFQTGRP

AFQT Group Orig.

1-8

ACCESSION/
COHORT

80

81

This field is only valid between FY76 to FY80 (07/01/75-09/30/80).



VARIABLE

NAME

DATA
43-59. APTARO1-16 Aptitude Areas 1-16 01-180

RANGE

(Each APTAR is three positions:
APTAROl1l = 82-84, APTARO2

B8OURCE
FILE

ACCESS8ION/

COHORT

BOURCE
PO8

27-38

DATA ELEMENTS8 #60-77 CONTAIN DATA FROM THE OCCURENCE
~ OF A SBECOND ACCESSION RECORD.

60. HOMEREC2 8EE DATA ELEMENT #4

61. ENTRYMS82 8EE DATA ELEMENT #13

62. ENTRYED2 S8EE DATA ELEMENT #14

63. DOEYY2 8EE DATA ELEMENT #19

64. DOEMM2 S8EE DATA ELEMENT #20

65. -DOED02 ‘ SEE DATA ELEMENT #21

66. TERMENL2 SEE DATA ELEMENT #22

67. ENTRYPG2 SEE DATA ELEMENT #23
68-72. PGMNLF21-25 SEE DATA ELEMENTS

73. ENLBON2 S8EE DATA ELEMENT #30

74. ENLOP2 SEE DATA ELEMENT #31

75. TMOS2 SEE DATA ELEMENT #32

76. WAIVER2 S8EE DATA ELEMENT #37

77. AFQT2 SEE DATA ELEMENT #39

78. CO Combat Arms 40-1S5S

79. FA Field Artillery 40-155

80. MM Mechanical 40-155

Maintenance

81. GM General Maintenance 40-155

82. CL Clerical 40-155

83. GT General Technical 40-155

84. EL Electronics Repair 40-1SS
5. BC Surveillance 40-155

10

#24-28

COMPOSITE

COMPOSITE

COMPOSBITE

COMPOSITE

COMPOSITE

COMPOSITE

COMPOSITE

COMPOSITE

14-16

17-19

20-22

23-25

26-28

POS

82-129

130-131
132-133
134-135
136-137
138-139
140-141
142-143
144-145
146-150
151

152-153
154-156
157-158

159-160

161-163
164-166

167-169

170-172
173-175
176-178
179-181

182-184



VARIA BOURCE SOURCE NEW

NAME DATA RANGE FILE PO8 POS
"86. 8T 8killed Technical 40-155 COMPOSITE  29-31 185-187
87. OF Operators & Food 40-155 COMPOSITE  32-34 188-190
: Handlers

ITEMS #88-122 ARE REPﬁATED FOR EVERY YEAR BETWEEN 1974-1987 FOR A RECORD
LENGTH OF 1269.

ACCES. 2ND ACCESS. COMP. 1974 1975 1976 1977 1978 1979
1-129 130-160 161-190 191-265 266-340 341-415 416-490 491-565 566-640

1980 1981 1982 1983 1984 1985 1986 1987
641-715 716-790 791-865 866-940 941-1015 1016-1090 1091-1165 1166-1240
MFLAGS LFLAGS AFLAG
1241-1254 1255~-1268 1269
88. DPOC(YY) DoD Primary 10-950 MASTER/LOSS 7-8 191~-193

Occupation Code

The Primary Occupation code indicates the occupation for which
the Service member has been trained or the most significant skill
held by the individual.

89. DDOC(YY) DoD Duty 10-950 MASTER/LOSS 9-10 194-196
Occupation Code

The Duty Occupation code reflects the occupation in which the
Service member is actually working.

90. HYEC(YY) Education 01-12 MASTER/LOS8S 11 197-198
CODE VALUES:

01 - 1-7 YEARS OF ELEMENTARY SCHOOL COMPLETED
02 - 8 YEARS OF ELEMENTARY SCHOOL COMPLETED

03 - 1 YEAR OF HIGH SCHOOL COMPLETED

04 - 2 YEARS OF HIGH SCHOOL COMPLETED

05 - 3 OR 4 YEARS OF HIGH SCHOOL COMPLETED, WITH NO DIPLOMA OR GED
06 - HIGH SCHOOL GRADUATE, DIPLOMA, ATTENDANCE CERTIFICATE, OR GED

07 - 1 YEAR COLLEGE COMPLETED

08 - 2 YEARS OF COLLEGE COMPLETED
09 - 3 OR 4 YEARS OF COLLEGE COMPLETED WITH NO DIPLOMA
10 - COLLEGE GRADUATE (BACHELOR'’S)
11 - MASTERS DEGREE
12 ~ DOCTORATE AND FIRST-PROFESSIONAL DEGREES
91. PYGRD(YY) Pay Grade 01-14,20-31 MABTER/LOSS 13 199-200

11



CODE VALUES:

NEW
POS

201

202

203-205

206
207

208-210

211

212

00 - ENLISTED UNKNOWN 11-14 - WO01-WO04
01-09 - EO01-EO9 20 - COMMISSIONED OFFICER UNKNOWN
10 - WARRANT OFFICER UNKNOWN 21-31 - 001-011 -
VARIABLE S8OURCE - BOURCE
NAME DATA RANGE FILE POS
92. MARST (YY) Marital status 1-4 MASTER/LOSS 22
INFORMATION AFTER 07/01/85 IS CODED AS FOLLOWS:
01 SINGLE
02 MARRIED
03 NO LONGER MARRIED
INFORMATION BEFORE 07/01/85 ARE RECODED AS FOLLOWS:
OLD NEW
01 SINGLE 04 SINGLE (PRE 07/01/85)
02 MARRIED 02 MARRIED
93. NOD(YY) Number of Dependents 1-9 MASTER/LOSS 23
CODE VALUES:
01 - NO DEPENDENTS 06 - 5 DEPENDENTS
02 - 1 DEPENDENT 07 - 6 DEPENDENTS
03 - 2 DEPENDENTS 08 - 7 DEPENDENTS
04 - 3 DEPENDENTS 09 - 8-15 DEPENDENTS
05 - 4 DEPENDENTS
94. MOS(YY) Primary MOS 2 NUMBERS, MASTER/LOS88 34-36
1 LETTER
This data element is the service code for the member’s primary
occupation. See Appendix A for code values.
95. PSKID1(YY) 8kill Identifier #1 1 NUMBER MASTER/LOSS 37
OR
96. PSKID2 (YY) 8kill Identifier #2 1 LETTER MASTER/LOSS 38
97. DMOS(YY) Duty MOS8 2 NUMBERS, MASTER/LO8S88 78-80
1 LETTER - i
Available from 09/78 only.~ See Appendix A for code values.
98. DSKID1(YY) 8kill Identifier #1 1 NUMBER MASTER/LOSS 81
: OR
99. DSKID2(YY) 8kill Identifier #2 1 LETTER MASTER/LOSS 82
100. CMF (YY) Career Management Field MASTER/LOS8 76/77

CODE VALUES:

12

213-214



11
12
13
16
19
23
27

29
31
33
51

54
55

INFANTRY

COMBAT ENGINEEERING

FIELD ARTILLERY

AIR DEFENSE ARTILLERY

ARMOR

AIR DEFENSE MISSILE MAINTENANCE
BALLISTIC/LAND COMBAT MISSILE &
LIGHT AIR DEFENSE WEAPONS
SYSTEMS MAINTENANCE
COMMUNICATIONS -

ELECTRONICS MAINTENANCE
COMMUNICATIONS -

ELECTRONICS OPERATIONS
EW/INTERCEPT SYSTEMS MAINTENANCE
GENERAL ENGINEERING

CHEMICAL

AMMUNITION

Available from 07/78 only.

VARIABLE
NAME DATA RANGE
101. BSDYY(YY) Base Active 01-99
8ervice Date
"02. BSDMM(YY) Base Active 01-12
S8ervice-Date
103. BSDDD(YY) Base Active 01-31

Service Date

63
64
67
71
74
76
79
81
84
921
92
94
95
96
97
98

MECHANICAL MAINTENANCE
TRANSPORTATION

AVIATION MAINTENANCE
ADMINISTRATION - .
AUTOMATIC DATA PROCESSING
SUPPLY AND SERVICE
RECRUITMENT & REENLISTMENT
TOPOGRAPHIC ENGINEERING
PUBLIC AFFAIRS AND AUDIOVISUAL
MEDICAL

PETROLEUM

FOOD SERVICE

LAW ENFORCEMENT

MILITARY INTELLIGENCE
BAND

EW/CRYPTOLOGIC OPERATIONS

EOURCE BOURCE  NEW
FILE 2OS Pos
MASTER/LOSS 48 215-216
MASTER/LOSS 49 217-218
MASTER/LOSS 50 219-220

The constructive date that establishes the beginning of member’s

creditable active military service.

breaks in service, AWOL, etc.

104. ETYY(YY) ETS Date 01-99

105. ETMM(YY) ET8 Date 01-12

This date is adjusted for

MASTER/LOSS S1 221-222

MASTER/LOSS S2 223-224

The date at which a member will fulfill his operative (current)

active duty contract.

Does not include extensions unless the

member is currently serving on that extension.

106. RKPGYY(YY) Date of Rank

107. RKPGMM (YY) Date of Rank

01-99

0l1l-12

MASTER/LOSS 53 225-226

MASTER/LO8S8 54 227-228

The date that establishes the relative seniority of an individual
among others who possess the same permanent paygrade.

108. DOLE(YY) Date of Latest 01-99

Reenlistment

13

MASTER/LO8S88 S5 229-230



VARIABLE S0OURCE BOURCE NEW
NAME DATA RANGE FILE PO8 POS
T109. DOLE(YY) Date of Latest 01-12 MASTER/LOSS 56 231-232
Reenlistment :
Reflects date at which member started his current tour of duty.
110. COMPT(YY) Component 1-5 MASTER/LOSS 57 233
CODE VALUES:
1 - REGULAR 4 - GUARD
2 = TEMPORARY 5 - FULL-TIME SUPPORT RESERVISTS
3 - RESERVE (FOR SEP 1983 FILES ONLY)
111. SRB(YY) 8RB Multiplier 1-6 MASBTER/LOS8 €61~62 234-236
- Available from 07/85 only.
112. BPDYY(YY) Pay Entry Base 01-99 MASTER/LOS88 65 237-238
Date
113. BPDMM(YY) Pay Entry Base 01-12 MASTER/LOSS 66 239-240
Date
114. BPDDD(YY) Pay Entry Base 01-31 MASTER/LOSS 67 241~-242
Date
Items #114-116 are not available for FY1974 loss records
115. UNTID(YY) Unit Identification STARTS WITH W MASTER/LOSS 69 243-248
ALPHANUMERIC
Available from 12/74 only.
116. UNTZIP(YY) Unit Zip Code 00000-99999 MASTER/LOSS 91-95 249-253
Available from 10/79
CODE VALUES:
APO NEW YORK & LOCATION (09)
ITALY - 001-002, 019, 161, 168, 221, 232, 240, 293, 453, 670, 694, 794
GERMANY - 007-009, 012, 021, 025-026, 028-029, 031, 033-036, 039, 045-047
050, 052-054, 056-061, 063, 066-070, 072, 074, 076-082, 086,
090-093,0 95, 098, 102-105, 107-112, 114, 123, 128, 130-132,
137-144, 146, 154, 160, 162, 164-166, 169, 171-173, 175-178, 18
182, 184-186, 189, 211, 213, 215-216, 220, 227, 245, 252, 279,
281, 305, 321-322, 325-326, 330, 333, 351-355, 358-360, 403,
407, 411, 451-452, 454-455, 457-458, 611, 633, 666, 669, 692,
695-696, 701-702, 710-712, 742-743, 751, 757, 801, 807, 860, 87

14



NETHERLANDS - 011, 145, 159, 188, 292

SAUDI ARABIA - 017, 038, 152, 298, 615-616, 671, 691, 697
GREENLAND - 023, 121

SEYCHELLES - 030

TURKEY - 040, 051, 117-118, 133, 224, 254, 289, 294, 338, 380

ENGLAND - 048-049, 075, 083, 120, 125, 127, 129, 150-151, 179,
193-194, 210, 238, 241, 243, 378, 405, 607, 659, 755

NORWAY - 084-085

BELGIUM - 055, 086, 088, 153, 163, 667

LIBERIA - 155, 228 SUDAN - 668
DENMARK - 170, 870 ISRAEL - 672
GREECE - 223, 253, 291, 690, 693 KENYA - 675
SPAIN - 282-283, 285-286, 401 EGYPT - 677, 679
MOROCCO - 284 PORTUGAL - 678
AZORES - 406 FRANCE - 777
ZAIRE - 662 JORDAN - 892

FINLAND - 664, 862

APO MIAMI AND LOCATION (34)

PANAMA - 001-009, 011 CHILE - 033

COSTA RICA - 020 ARGENTINA - 034
NICARAGUA - 021 URUGUAY - 035

HONDURAS - 022 PARAGUAY - 036

EL SALVADOR - 023 VENEZUELA - 037
GUATEMALA - 024 COLUMBIA - 038

BRAZIL - 030 ECUADOR - 039

PERU - 031 PUERTO RICO - 040
BOLIVIA - 032 DOMINICAN REPUBLIC - 041

APO SAN FRANCISCO AND LOCATION (96)

KOREA - 208, 212-214, 218, 220, 224, 231, 251, 259, 264, 271, 301-302, 324,
335, 358, 366, 371, 397, 455, 460, 461, 483, 488, 524, 570-571

AUSTRALIA - 209, 390, 404-405
JAPAN - 210, 230, 235, 239, 244, 248, 270, 328, 331, 336, 343, 344, 361,
367, 503, 519

15



PHILLIPINES - 274, 311, 408, 410, 431-432, 434, 528

_ JOHNSTON ISLAND - 305 INDONESIA - 356
GUAM - 327, 334, 351 WAKE ISLAND - 501
THAILAND - 346, 468 MARSHALL ISLANDS - 555

HAWAII - 556

SEATTLE AND LOCATION (98)

704, 713, 723, 733, 736 ALASKA

VARIABLE SOURCE SOURCE NEW
NAME DATA RANGE FILE PO8 POS
117. ENSLRV(YY) Character of 1-5 MASTER/LOBS 60 254
S8ervice

bW

l1i8.

CODE VALUES:

- HONORABLE
— UNDER HONORABLE CONDITIONS - GENERAL
- UNDER OTHER THAN HONORABLE CONDITIONS
- DISHONORABLE
= UNCHARACTERIZED
Information after FY83 (10/01/82) may contain ’5’ as a valid
entry meaning uncharacterized. However, blank or ‘0’ entries prior
to this which should mean unknown may have been used to mean
uncharacterized as well.
RE (YY) Reenlistment 1,1A-1C,10, MASTER/LOS8 63-64 255-256
Eligibility 2,2A-2C,20,
3,3A-3C,30,4,4A,4R, 40
5,6,94,¢,G,K,L,N,0,Q,0,W,X,
Y,2
Reenlistment Eligibility (RE) prior to F¥Y79 (10/01/78) will be
recoded as follows:
1. ELIGIBLE S. ELIGIBLE (pre 10/78)
2. INELIGIBLE 6. INELIGIBLE (pre 10/78)

OTHER CODE VALUES AFTER 10/01/78:

1l or 10 FULLY QUALIFIED FOR IMMEDIATE ENLISTMENT/REENLISTMENT

1A

" FULLY QUALIFIED FOR REENLISTMENT, BUT INELIGIBLE TO APPLY
UNTIL 93 DAYS AFTER DATE OF SEPARATION. APPLICABLE TO THOSE
WHO HAVE COMPLETED 6 YEARS OF SERVICE FOR PAY PURPOSES AND
WERE NOT REQUIRED TO TAKE ACTION TO MEET SERVICE REMAINING
REQUIREMENTS IF SEPARATED ON OR AFTER AUGUST, 1978.
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1B

1C

2 or 20

2A

2B

2C

3 or 30

3A

FULLY QUALIFIED FOR ENLISTMENT. APPLIES TO PERSONS WHO WERE
FULLY QUALIFIED WHEN LAST SEPARATED; HOWEVER, REENLISTMENT
WAS NOT AUTHORIZED AT TIME OF SEPARATION UNDER STRENGTH
MANAGEMENT PROGRAM IF SEPARATED AFTER JANUARY 31, 1983.

FULLY QUALIFIED FOR ENLISTMENT. APPLIES TO PERSONS WHO HAVE
NOT BEEN TESTED TO VERIFY PMOS DURING CURRENT TERM.OF SERVICE
OR WERE TESTED AND HAD NOT RECEIVED TEST SCORE AT TIME OF
SEPARATION IF SEPARATED ON OR BEFORE JANUARY 31, 1983.

FULLY QUALIFIED FOR ENLISTMENT PROVIDED OTHERWISE QUALIFIED.

APPLIES TO PERSONS WHO DO NOT POSSESS SCORES OF 90 OR HIGHER

IN ANY THREE OR MORE APTITUDE AREAS OF THE ARMED SERVICES
VOCATIONAL APTITUDE BATTERY (ASVAB), IF TESTED PRIOR TO OCTOBER
1, 1980: OR SCORES OF 85 OR HIGHER IN ANY 3 OR MORE APTITUDE
AREAS OF THE ASVAB IF TESTED ON OR AFTER OCTOBER 1, 1980.

FULLY QUALIFIED FOR ENLISTMENT. APPLIES TO 1) PERSONS
SEPARATED BEFORE COMPLETING A CONTRACTED PERIOD OF SERVICE
WHERE REENLISTMENT IS NOT CONTEMPLATED (INCLUDED SEPARATION
TO ACCEPT COMMISSION ETC.) '2) PERSONS SEPARATED FOR PREGNANCY
UNDER AR 635-200, CHAPTER 8.

FULLY QUALIFIED FOR ENLISTMENT AFTER 93 DAYS HAVE ELAPSED
SINCE DATE OF LAST SEPARATION. GRADE DETERMINATION MUST BE
MADE. aPPLIES TO PERSONS WITH OVER 6 YEARS OF SERVICE FOR
PAY SEPARATED PRIOR TO AUGUST 15, 1978 WHO HAVE INCURRED AN
ADDITIONAL SERVICE REQUIREMENT AND WHO DECLINE TO MEET THIS
REQUIREMENT THROUGH REENLISTMENT OR EXTENSION.

FULLY QUALIFIED FOR ENLISTMENT. APPLIES TO PERSONS WHO WERE

FULLY QUALIFIED WHEN LAST SEPARATED: HOWEVER, A VOLUNTARY
ENROLLMENT WAS NOT AUTHORIZED AT TIME OF SEPARATION UNDER ENLISTED
YEAR GROUP MANAGEMENT PLAN.

FULLY QUALIFIED FOR ENLISTMENT AFTER 93 DAYS HAVE ELAPSED
SINCE DATE OF SEPARATION. APPLIES TO PERSONS WHO WERE FULLY
QUALIFIED WHEN LAST SEPARATED. HOWEVER, REENLISTMENT WAS NOT
AUTHORIZED AT TIME OF SEPARATION UNDER REENLISTMENT CONTROL
POLICY.

NOT ELIGIBLE FOR ENLISTMENT UNLESS WAIVER CONSIDERATION IS
PERMISSABLE AND GRANTED. INCLUDES THOSE SEPARATED UNDER
TRAINEE DISCHARGE PROGRAM (TDP) AND EXPEDITIOUS DISCHARGE
PROGRAM (EDP).

NOT ELIGIBLE FOR ENLISTMENT UNLESS WAIVER IS GRANTED.
INELIGIBLE TO APPLY FOR REENLISTMENT UNTIL 93 DAYS AFTER
DATE OF SEPARATION. GRADE DETERMINATION MUST BE MADE.

" APPLICABLE TO THOSE WHO HAVE COMPLETED 4 YEARS OF SERVICE

FOR PAY PURPOSES AND WHO REFUSED TO TAKE ACTION TO MEET
SERVICE REMAINNG REQUIREMENTS AND WERE SEPARATED ON OR AFTER
AUGUST 15, 1978.

NOT ELIGIBLE FOR ENLISTMENT UNLESS WAIVER IS GRANTED.
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APPLICABLE TO THOSE WHO HAVE TIME LOST DURING THIER LAST
PERIOD OF SERVICE.

. 3c NOT ELIGIBLE FOR ENLISTMENT UNLESS WAIVER CONSIDERATION

IS GRANTED. APPLICABLE TO THOSE WHO DO NOT MEET THE GRADE
REQUIREMENT IN BASIC ELIGIBILITY CRITERIA. .

4 or 40 NOT ELIGIBLE FOR ENLISTMENT. APPLIES TO PERSONS SEPARATED
FROM LAST PERIOD WITH A NONWAIVABLE DISQUALIFICATION. INCLUDES
REGULAR AND DISABILITY RETIREMENTS.

4A NOT ELIGIBLE FOR ENLISTMENT. APPLICABLE TO THOSE WHO FAIL TO
MEET CITIZENSHIP REQUIREMENT.

4R NOT ELIGIBLE FOR ENLISTMENT. APPLIES TO ENLISTED PERSONNEL
RETIRING AFTER 20 OR MORE YEARS ACTIVE FEDERAL SERVICE.

(THE FOLLOWING CODES ARE MEANT TO BE USED WHILE AN INDIVIDUAL IS STILL
IN THE SERVICE TO SHOW REASONS HE/SHE MAY BE PROCLUDED FROM VOLUNTARY
ENROLLMENT. THEY ARE OCCASIONALLY SEEN ON DROPPED FROM STRENGTH TYPE
"LOSS" RECORDS (DESERTIONS, FOR EXAMPLE).

9A 1OST TIME. TIME LOST BECAUSE OF ABSENCE WITHOUT LEAVE (AWOL)
(INCLUDES CASES WHERE ARTICLE 15 HAS BEEN ADMINISTERED FOR
AWOL/LOST TIME)

9C SKILL QUALIFICATION. A NON-QUALIFYING SKILL QUALIFICATION
AND LESS THAN 3 SCORES OF 85 ON THE ASVAB/ACB/WACB)

E PHYSICAL READINESS. UNACCEPTABLE PHYSICAL READINESS
QUALIFICATIONS

9G GRADE. EXCEEDS TOTAL YEARS ACTIVE FEDERAL SERVICE FOR PAY
GRADE.

9K FIELD BAR TO REENLISTMENT. A DENIAL OF REENLISTMENT IMPOSED
BELOW DEPARTMENT OF THE ARMY HEADQUARTERS.

9L DEPARTMENT OF THE ARMY BAR TO REENLISTMENT. A DENIAL OF
REENLISTMENT IMPOSED BY DEPARTMENT OF THE ARMY PROMOTIONAL
BOARD.

9N COURT-MARTIAL CONVICTION. CONVICTED BY ONE OR MORE SUMMARY.
SPECIAL OR GENERAL COURTS-MARTIAL.

920 AGE. DOES OR WILL EXCEED MAXIMUM AGE LIMITATIONS.

92Q DECLINATION OF CONTINUED SERVICE STATEMENT. REFUSAL TO TAKE
ACTION TO MEET LENGTH OF SERVICE REQUIREMENT.

29U WEAPONS. UNACCEPTABLE WEAPONS QUALIFICATIONS.

9w ARTICLE 15. UNACCEPTABLE ARTICLE 15 QUALIFICATIONS.

OTHER. PROHIBITIONS NOT OTHERWISE IDENTIFIED.

18



9Y RETIREMENT. APPLICATION FOR RETIREMENT HAS BEEN APPROVED.

-92 WEIGHT. DOES NOT MEET ACCEPTABLE WEIGHT STANDARDS.
VARIABLE S8OURCE - BSOURCE
NAME DATA RANGE FILE - PO8
119. ISC(YY) Interservice 000-008,010 MASTER/LO8S8 44
Separation Code 017,022,030-,
033,040-042,

CODE VALUES:

050-052,060-087,090-105

Information after 10/85 is coded as follows:

000

001
002
003
004

005
006
007
008

010
011
012
013
014
015
016
017

022

030
031
032
033

040

UNKNOWN OR INVALID
RELEASE FROM ACTIVE SERVICE

EXPIRATION OF TERM OF SERVICE

EARLY RELEASE - INSUFFICIENT RETAINABILITY
EARLY RELEASE - TO ATTEND SCHOOL

EARLY RELEASE - POLICE DUTY

EARLY RELEASE - IN THE NATIONAL INTEREST
EARLY RELEASE - SEASONAL EMPLOYMENT

EARLY RELEASE - TO TEACH

EARLY RELEASE - OTHER (INCLUDING RIF)

——

MEDICAL DISQUALIFICATIONS

CONDITIONS EXISTING PRIOR TO SERVICE
DISABILITY - SEVERANCE PAY

PERMANENT DISABILITY - RETIRED

TEMPORARY DISABILITY - RETIRED
DISABILITY - NON EPTS - NO SEVERANCE PAY
DISABILITY - TITLE 10 RETIREMENT
UNQUALIFIED FOR ACTIVE DUTY - OTHER
FAILURE TO MEET WEIGHT/BODY FAT STANDARDS

DEPENDENCY OR HARDSHIP
DEPENDENCY OR HARDSHIP
DEATH

BATTLE CASUALTY

NON-BATTLE - DISEASE
NON-BATTLE - OTHER

DEATH - CAUSE NOT SPECIFIED
ENTRY INTO OFFICER PROGRAMS

OFFICER COMMISSIONING PROGRAM

19
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041
042

050
051
052

060
061
062
063
064
065
066
067
1012
069
070
071
072
073

© 074

075
076
077
078
079
080
081
082
083
084
085
086
087

090
091
092
093
094
095
096
097
098
099

WARRANT OFFICER PROGRAM
SERVICE ACADEMY

RETIREMENT (OTHER THAN MEDICAL)

20-30 YEARS OF SERVICE :
OVER 30 YEARS OF SERVICE -
OTHER CATEGORIES

FAILURE TO MEET MINIMUM BEHAVIORAL OF PERFORMANCE
CRITERIA

CHARACTER OR BEHAVIOR DISORDER
MOTIVATIONAL PROBLEMS (APATHY)

ENURESIS

INAPTITUDE

ALCOHOLISM

DISCREDITABLE INCIDENTS -~ CIVILIAN OR MILITARY
SHIRKING

DRUGS

FINANCIAL IRRESPONSIBILITY

LACK OF DEPENDENT SUPPORT

UNSANITARY HABITS

CIVIL COURT CONVICTION

SECURITY

COURT MARTIAL

FRAUDULENT ENTRY

AWOL, DESERTION

HOMOSEXUALITY

SEXUAL PERVERSION

GOOD OF THE SERVICE

JUVENILE OFFENDER

MISCONDUCT (REASON UNKNOWN)

UNFITNESS (REASON UNKNOWN)

UNSUITABILITY (REASON UNKNOWN)

PATTERN OF MINOR DISCIPLINARY INFRACTIONS
COMMISSION OF A SERIOUS OFFENSE

FAILURE TO MEET MINIMUM QUALIFICATIONS FOR RETENTION
EXPEDITIOUS DISCHARGE

TRAINEE DISCHARGE

OTHER SEPARATIONS OR DISCHARGES

SECRETARIAL AUTHORITY

ERRONEQOUS ENLISTMENT OR INDUCTION
SOLE SURVIVING SON

MARRIAGE

PREGNANCY

MINORITY

CONSCIENTIOUS OBJECTOR
PARENTHOOD

BREACH OF CONTRACT

OTHER

TRANSACTIONS
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100 IMMEDIATE REENLISTMENT

101 DROPPED FROM STRENGTH FOR DESERTION

102 DROPPED FROM STRENGTH FOR IMPRISONMENT

103 RECORD CORRECTION

104 MISSING IN ACTION OR CAPTURED E
105 OTHER DROPPED FROM STRENGTH/THE ROLLS

Infqrmation prior to 10/85 will be recoded as follows:

016 UNQUALIFIED FOR ACTIVE DUTY 018 UNQUALIFIED FOR ACTIVE DUTY
OR FAILURE TO MEET WEIGHT/BO

FAT STANDARDS

VARIABLE S8OURCE SOURCE NEW
NAME DATA RANGE FILE PO8 POS
120. BPDTYY(YY) Date of S8eparation 01-99 MASTER/LOS8 45 260-261
121. SPDTMM(YY) Date of Separation 01-12 MASTER/LOSS 46 262-263
122. S8PDTDD(YY) Date of Separation 01-31 MASTER/LOSS 47 264-265

MFLAG (YY) Master Flag
A "1" in this position indicates that variables #80-116 for this
year contain data from a Master record, and that variables #117-122

may contain data from a transaction record, indicated by ISC codes
100 and above and ISC code of O.

LFLAG (YY) Loss Flag

A "1" in this position indicates that variables #80-122 for this
year contain data from a Loss record and the loss is a "true" loss,
indicated by an ISC between 0-99.

AFLAG Becond Accession Flag

A "1" in this position indicates that this record contains information
from a second accession record.
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00B
ooD
O0E
00J
00U
002

01H
02B
02C
02D
02E
02F
02G
02H
02J
02K
o2L
oz2M
02N
o2p
02Q
02R
02S
12T
J22
03C
05B
05D

05G
O5H
05K
06C
09D
09R
09S
09T
09w
11B
11C
11H

11M
12B
12C
12E

12F

APPENDIX A: MOS VALUES

DIVER

SPECIAL DUTY ASSIGNMENT
RECRUITER

CLUB MANAGER

EQUAL OPPORTUNITY NCO
COMMAND SERGEANT MAJOR
REPORTING CODES

BIOLOGICAL SCIENCES ASSISTANT
CORNET OR TRUMPET PLAYER
BARITONE OR EUPHONIUM PLAYER
FRENCH HORN PLAYER

TROMBONE PLAYER

TUBA PLAYER

FLUTE OR PICCOLO PLAYER

OBOE PLAYER

CLARINET PLAYER

BASSOON PLAYER

SAXOPHONE PLAYER

PERCUSSION PLAYER

PIANO PLAYER

BRASS GROUP LEADER
WOODWIND PLAYER

PERCUSSION GROUP LEADER
SPECIAL BAND PERSON

GUITAR PLAYER

ENLISTED BAND LEADER
PHYSICAL ACTIVITIES SPECIALIST
RADIO OPERATOR

EW/SIGINT EMITTER IDENTIFIER/
LOCATOR

SIGSEC ANALYST

EW/SIGINT MORSE INTERCEPTOR
EW/SIGINT NONMORSE INTERCEPTOR
RADIO TELETYPE OPERATOR
COLLEGE TRAINEE

RESERVE FORCES RPTG CODE
COMM OFFICER CANDIDATE

ARNG STAT OCS CANDIDATE

WO CANDIDATE

INFANTRY MAN

INDIRECT FIRE INFANTRYMAN
HEAVY ANTIARMOR WEAPONS
INFANTRYMAN

FIGHTING VEHICLE INFANTRYMAN
COMBAT ENGINEER

BRIDGE CREWMAN

ATOMIC DEMOLITION MUNITIONS
SPECIALIST

ENGINEER TRACKED VEHICLE CREWMAN

122

13B

13B

13C
13E
13F
13M

13W

13Y
132
15D
15E
15J

16B
16C

16D
16E
16F

16G
16H
16J

l6P
16R
16S

16T
162
17B
17¢C
17K

17L

17M
19D
19E
19K
192

COMBAT ENGINEERING SENIOR

SERGEANT ST

CANNON CREWMAN

(131 - FA CANNON/MISSILE
SUBFIELD)

FA FIREFINDER RADAR OPERATOR
(132 - FA TARGET ACQUISITION

OPERATIONS SUBFIELD)

TACFIRE OPERATIONS SPECIALIST
CANNON FIRE DIRECTION SPECIALIS
FIRE SUPPORT SPECIALIST

MULTIPLE LAUNCH ROCKET SYSTEM
CREWMEMBER

FA TARGET ACQUISITION SENIOR
SERGEANT

CANNON MISSILE SENIOR SERGEANT
FIELD ARTILLERY SENIOR SERGEANT
LANCE CREWMEMBER MLRS SERGEANT
PERSHING MISSILE CREW MEMBER
MLRS/LANCE OPERATION/FIRE
DIRECTION SPECIALIST

HERCULES MISSILE CREW MEMBER
HERCULES FIRE CONTROL CREW
MEMBER

HAWK MISSILE CREW MEMBER

HAWK FIRE CONTROL CREW MEMBER
LIGHT ADA CREWMAN

(RESERVE FORCES)

ROLAND CREWMEMBER

ASSISTANT

ADA OPERATIONS AND INTELLIGENCE
ASSISTANT

DEFENSE ACQUISITION RADAR
OPERATOR

ADA SHORT RANGE MISSILE CREWMAN
ADA SHORT RANGE GUNNERY CREWMAN
MANPADS (MAN PORTABLE AIR
DEFENSE SYSTEM) CREWMAN
PATRIOT MISSILE CREWMEMBER

ADA SENIOR SERGEANT

FA RADAR CREW MEMBER

FA TARGET ACQUISITION SPECIALIS
GROUND SURVEILLANCE RADAR
CREWMAN

AERIAL SENSOR SPECIALIST
(OV-IBC) (RESERVE FORCES)
REMOTE SENSOR SPECIALIST
CAVALRY SCOUT

M48-M60 ARMOR CREWMAN

MI ABRAMS ARMOR CREWMAN

ARMOR SENIOR SERGEANT



21G

21L
22L
22N

23N
230

23W
24C
24F
24G

24H
247
24K
24L

24M
24N
24P
24Q
24R
24S
24T
24U

.4V
25C
253
25L
250
25R

26B
26F

26H
26K

26L
26M
26N

26T
26V

PERSHING ELECTRONIC MATERIAL
SPECIALIST

PERSHING ELECTRONICS REPAIR
NIKE TEST EQUIPMENT REPAIRER
NIKE-HERCULES MISSILE LAUNCHER
REPAIRER

NIKE TRACK RADAR REPAIRER
NIKE HIGH POWER RADAR SIMULATOR
REPAIRER .

NIKE MAINTENANCE CHIEF

IH FIRING SECTION MECHANIC

IH FIRE CONTROL MECHANIC

IH INFORMATION COORDINATOR
CENTRAL MECHANIC

IH FIRE CONTROL REPAIRER

IH PULSE RADAR REPAIRER

IH CW RADAR REPAIRER

IH LAUNCHER & MECHANICAL
SYSTEMS REPAIRER

VULCAN SYSTEM MECHANIC
CHAPARRAL SYSTEM MECHANIC
DEFENSE ACQUISITION RADAR
MECHANIC

NIKE HERCULES FIRE CONTROL
MECHANIC

IMPROVED HAWK MASTER MECHANIC
ROLAND MECHANIC 7

PATRIOT MISSILE MECHANIC
HERCULES ELECTRONICS MECHANIC
IH MAINTENANCE CHIEF

COMBAT AREA SURVEILLANCE RADAR
REPAIRER

OPERATIONS CENTRAL REPAIRER
AN/TSQ-78 ADA COMMAND CONTROL
SYSTEM OPERATOR/REPAIRER
TACTICAL MICROWAVE SATELLITE
SYSTEMS OPERATOR

STRATEGIC MICROWAVE SYSTEMS
OPERATOR

WEAPONS SUPPORT RADAR REPAIRER
AERIAL PHOTOACTIVE SENSOR
REPATIRER

AIR DEFENSE RADAR REPAIRER
AERIAL ELECTRONIC WARNING
DEFENSE EQUIPMENT REPAIRER
TACTICAL MICROWAVE SYSTEMS
REPAIRER

AERIAL SURVEILLANCE RADAR
REPAIRER (RESERVE FORCES)
AERIAL SURVEILLANCE INFRARED
REPAIRER (RESERVE FORCES)
RADIO/TV SYSTEMS SPECIALIST
STRATEGIC MICROWAVE SYSTEMS
REPAIRER

26Y
27B

27C
27D
27E
27F
27G
27H
27N

272

31E
313
31M

31N
31s
31T
31V

312

32D
32F
32G

32H
322
33S
34B
34C
34E
34F
34H
34J

34K
34Y
342
35B
35C

35E
35F
35G
35H

35K
35L

SATELLITE COMMUNICATIONS
EQUIPMENT REPAIRER

LCSS TEST SPECIALIST/LANCE
REPAIRER

ROLAND REPAIRER 7

ROLAND FMTS REPAIRER
TOW/DRAGON REPAIRER

VULCAN REPAIRER
CHAPARRAL/REDEYE REPAIRER
SHILLELAGH REPAIRER

FORWARD AREA ALERTING RADAR
REPAIRER

BALLISTIC/LC/LAD SYSTEMS
MAINTENANCE CHIEF

FIELD RADIO REPAIRER
TELETYPEWRITER REPAIRER
MULTICHANNEL COMMUNICATIONS
EQUIPMENT OPERATOR

TACTICAL CIRCUIT CONTROLLER
FIELD GENERAL COMSEC REPAIRER
FIELD SYSTEMS COMSEC REPAIRER
TACTICAL COMMUNICATIONS
SYSTEMS/OPERATOR MECHANIC

C-E OPERATIONS CHIEF

STATIONS TECHNICAL CONTROLLER
FIXED CLIPHONY REPAIRER
FIXED CRYPTOGRAPHIC EQUIPMENT
REPAIRER

FIXED STATION RADIO REPAIRER
C-E MAINTENANCE CHIEF
EW/INTERCEPT SYSTEMS REPAIRER
PUNCHCARD MACHINE REPAIRER
DAS 3 COMPUTER REPAIRER

NCR 500 COMPUTER REPAIRER
DSTE REPAIRER

ADMSE REPAIRER

UNIVAC 1004/1005 DCT 9000
SYSTEM REPAIRER

IBM 360 REPAIRER

FA COMPUTER REPAIRER

ADP MAINTENANCE SUPERVISOR
ELECTRONIC INSTRUMENT REPAIRER
AUTOMATIC TEST EQUIPMENT
REPAIRER

SPECIAL ELECTRICAL DEVICES
REPAIRER

NUCLEAR WEAPONS ELECTRONICS
SPECIALIST

BIOMEDICAL EQUIPMENT SPECIALIST
BASIC

CALIBRATION SPECIALIST
AVIONIC MECHANIC

ELECTRONIC SWITCHING SYSTEMS
REPAIRER



35L
A 3I5M
35p
3SR
35U
36C

36D
36E
36H

36K
36L
41B
41C
41E

41G

1J
42C
42D
42E
43E
43M
44B
44E
45B
45D
45E
45G
45K
45L
45N
45T
452

46N

51B
51C
51G
51H
51K

AVIONIC COMMUNICATIONS
EQUIPMENT REPAIRER

AVIONIC NAVIGATION AND FLIGHT
CONTROL EQUIPMENT REPAIRER
AVIONIC EQUIPMENT MAINTENANCE
SUPERVISOR

AVIONIC SPECIAL EQUIPMENT
REPAIRER

BIOMEDICAL EQUIPMENT SPECIALIST
ADVANCED

WIRE SYSTEMS INSTALLER/
OPERATOR

ANTENNA INSTALLER SPECIALIST
CABLE SPLICER

DIAL/MANUAL CENTRAL OFFICE
REPAIRER

TACTICAL WIRE OPERATIONS
SPECIALIST

ELECTRONIC SWITCHING SYSTEMS

' REPAIRER

TOPOGRAPHIC INSTRUMENT REPAIR
SPECIALIST

FIRE CONTROL INSTRUMENT
REPAIRER

AUDIOVISUAL EQUIPMENT
REPAIRER

AERIAL SURVEILLANCE
PHOTOGRAPHIC EQUIPMENT
REPAIRER (RESERVE FORCES)
OFFICE MACHINE REPAIRER
ORTHOPTIC SPECIALIST

DENTAL LABORATORY SPECIALIST
OPTICAL LABORATORY SPECIALIST
PARACHUTE RIGGER

FABRIC REPAIR SPECIALIST

METAL WORKER

MACHINIST

SMALL ARMS REPAIRER

FIELD ARTILLERY TURRET MECHANIC
MI ABRAMS TANK TURRET MECHANIC
FC SYSTEMS REPAIRER

TANK TURRET REPAIRER
ARTILLERY REPAIRER

M60A1/A3 TANK TURRET MECHANIC
ITV/IFV/CFV TURRET MECHANIC
ARMAMENT/FIRE CONTROL
MAINTENANCE SUPERVISOR
PERSHING ELECTRICAL MECHANICAL
REPAIRER

CARPENTRY & MASONRY SPECIALIST
STRUCTURES SPECIALIST
MATERIALS QUALITY SPECIALIST
CONSTRUCTION SUPERVISOR
PLUMBER

FIREFIGHTER

51N
S51R
517

512
52C
52D

52E

52G

54C
54E
542
55B
55D

55G

55X
552
57E
57F
57H

61B
61C
61F
612
62B

62E

62T
63B

63D

63E

63G

63H
63J

63N
63W
63Y
632

64C
642
65B
65D

WATER TREATMENT

INTERIOR ELECTRICIAN
TECHNICAL ENGINEERING
SPECIALIST

GENERAL ENGINEERING SUPERVISOR
UTILITIES EQUIPMENT REPAIRER
POWER GENERATION EQUIPMENT
REPAIRER ’

PRIME POWER PRODUCTION
SPECIALIST

TRANSMISSION AND DISTRIBUTION
SPECIALIST

SMOKE OPERATIONS SPECIALIST
NBC SPECIALIST

CHEMICAL SENIOR SERGEANT
AMMUNITION SPECIALIST
EXPLOSIVE ORDINANCE DISPOSAL
SPECIALIST

NUCLEAR WEAPONS MAINTENANCE
SPECIALIST

AMMUNITION INSPECTOR
AMMUNITION SUPERVISOR
LAUNDRY AND BATH SPECIALIST
GRAVES REGISTRATION SPECIALIST
TERMINAL OPERATIONS
COORDINATOR

WATERCRAFT OPERATOR
WATERCRAFT ENGINEER

MARINE HULL REPAIRER

MARINE SENIOR SERGEANT
CONSTRUCTION EQUIPMENT
REPAIRER

HEAVY CONSTRUCTION EQUIPMENT
OPERATOR

ITV/IFV/CFV SYSTEM MECHANIC
LIGHT WHEEL VEHICLE/POWER
GENERATION MECHANIC
SELF-PROPELLED FIELD ARTILLERY
SYSTEM MECHANIC

MI ABRAMS TANK SYSTEMS
MECHANIC

FUEL & ELECTRICAL SYSTEMS
REPAIRER

TRACK VEHICLE REPAIRER
QUARTERMASTER & CHEMICAL
EQUIPMENT REPAIRER

M60A1 TANK SYSTEM MECHANIC
WHEEL VEHICLE REPAIRER
TRACK VEHICLE MECHANIC
MECHANICAL MAINTENANCE
SUPERVISOR :

MOTOR TRANSPORT OPERATOR
TRANSPORTATION SENIOR SERGEANT
LOCOMOTIVE REPAIRER

RAILWAY CAR REPAIRER



65E
65F
65G
65H
65J
65K
652
67G

67H
67N
67T

67U
67V

67W

67X
67Y
672

68B
68D
68F
68G
68H
68J
<8K

68M

71C
71D
71E
71G

71L
71M
71N
71P
71Q
71R
72E

72G
72H
73C
73D

732
74B

AIRBRAKE REPAIRER

LOCOMOTIVE ELECTRICIAN
RAILWAY SECTION REPAIRER
LOCOMOTIVE OPERATOR

TRAIN CREW MEMBER

RAILWAY MOVEMENT COORDINATOR
RAILWAY SENIOR SERGEANT
UTILITY/CARGO AIRPLANE
REPAIRER :

OBSERVATION AIRPLANE REPAIRER
UTILITY HELICOPTER REPAIRER
TACTICAL TRANSPORT HELICOPTER
REPAIRER

MEDIUM HELICOPTER REPAIRER
OBSERVATION/SCOUT HELICOPTER
REPAIRER

AIRCRAFT QUALITY CONTROL
SUPERVISOR

_HEAVY LIFT HELICOPTER REPAIRER

ATTACK HELICOPTER REPAIRER
AIRCRAFT MAINTENANCE SENIOR
SERGEANT

AIRCRAFT POWER PLANT REPAIRER
AIRCRAFT POWER TRAIN REPAIRER
AIRCRAFT ELECTRICIAN
AIRCRAFT STRUCTURAL REPAIRER
AIRCRAFT PNEUDRALICS REPAIRER
AIRCRAFT FIRE CONTROL REPAIRER
AIRCRAFT COMPONENT REPAIR
SUPERVISOR -

AIRCRAFT WEAPON SYSTEMS
REPAIRER

STENOGRAPHER

LEGAL CLERK

COURT REPORTER

PATIENT ADMINISTRATION
SPECIALIST

ADMINISTRATIVE SPECIALIST
CHAPEL ACTIVITIES SPECIALIST
TRAFFIC MANAGEMENT COORDINATOR
FLIGHT OPERATIONS COORDINATOR
JOURNALIST

BROADCAST JOURNALIST

COMBAT TELECOMMUNICATIONS
CENTER OPERATOR

DATA COMMUNICATIONS SWITCHING
CENTER SPECIALIST

CENTRAL OFFICE OPERATIONS
OPERATOR

FINANCE SPECIALIST
ACCOUNTING SPECIALIST

FINANCE SENIOR SERGEANT

CARD AND TAPE WRITER

(RESERVE FORCES)
COMPUTER/MACHINE OPERATOR

74F
742
75B

75C

75D
75E
75F

752
76C

76J
76P

76V

76W
76X
76Y
762
79D
81B
81C
81E
812

82B
82C
82D
83E
83F
84B
84C
84F
84T

842

91B
91cC
91D
91E
91F
91G
91H
91J
91L

91N
91P
91Q
91R

PROGRAMER/ANALYST

DATA PROCESSING NCO
PERSONNEL ADMINSTRATION
SPECIALIST

PERSONNEL MANAGEMENT
SPECIALIST -

PERSONNEL RECORDS SPECIALIST
PERSONNEL ACTIONS SPECIALIST
PERSONNEL INFORMATION SYSTEM
MANAGEMENT SPECIALIST
PERSONNEL SERGEANT

EQUIPMENT RECORDS & PARTS
SPECIALIST

MEDICAL SUPPLY SPECIALIST
MATERIAL CONTROL & ACCOUNTING
SPECIALIST

MATERIAL STORAGE & HANDLING
SPECIALIST

PETROLEUM SUPPLY SPECIALIST
SUBSISTENCE SUPPLY SPECIALIST
UNIT SUPPLY SPECIALIST
SENIOR SUPPLY SERGEANT
REENLISTMENT NCO

TECHNICAL DRAFTING SPECIALIST
CARTOGRAPHER

ILLUSTRATOR

TOPOGRAPHIC ENGINEERING
SUPERVISOR

CONSTRUCTION SURVEYOR

FA SURVEYOR

TOPOGRAPHIC SURVEYOR

PHOTO AND LAYOUT SPECIALIST
PHOTOLITHOGRAPHER

STILL PHOTO SPECIALIST
MOPIC SPECIALIST

AUDIO/TV SPECIALIST
TV/RADIO BROADCAST OPERATIONS
CHIEF

PUBLIC AFFAIRS/AUDIOVISUAL
CHIEF

MEDICAL SPECIALIST

PATIENT CARE SPECIALIST
OPERATING ROOM SPECIALIST
DENTAL SPECIALIST
PSYCHIATRIC SPECIALIST
BEHAVIORAL SCIENCE SPECIALIST
ORTHOPEDIC SPECIALIST
PHYSICAL THERAPY SPECIALIST
OCCUPATIONAL THERAPY
SPECIALIST

CARDIAC SPECIALIST

X-RAY SPECIALIST

PHARMACY SPECIALIST
VETERINARY SPECIALIST



91s

91T
91U
91V
91w
91Y
92

92B
92C

92D
93E
93F
93H
93J
94B
94F

95B
95C
95D
96B
96C
96D
96H

962
97B

7C
48C
98G
98J
982

ENVIRONMENTAL HEALTH
SPECIALIST

ANIMAL CARE SPECIALIST

ENT SPECIALIST

RESPIRATORY SPECIALIST
NUCLEAR MEDICINE SPECIALIST
EYE SPECIALIST

CYTOLOGY SPECIALIST

MEDICAL LABORATORY SPECIALIST
PETROLEUM LABORATORY
SPECIALIST

CHEMICAL LABORATORY SPECIALIST
METEROLOGICAL OBSERVER

FA METEROLOGICAL CREW MEMBER
ATC TOWER OPERATOR

ATC RADAR CONTROLLER

FOOD SERVICE SPECIALIST
HOSPITAL FOOD SERVICE
SPECIALIST

MILITARY POLICE

CORRECTIONAL SPECIALIST
SPECIAL AGENT |
INTELLIGENCE ANALYST
INTERROGATOR

IMAGE INTERPRETER

AERIAL SENSOR SPECIALIST
(ovV-1ID)

INTELLIGENCE SENIOR SERGEANT
COUNTERINTELLIGENCE AGENT
AREA INTELLIGENCE SPECIALIST
EW/SIGINT ANALYST

EW/SIGINT VOICE INTERCEPTOR
EW/SIGINT NONCOMM INTERCEPTOR
EW/SIGINT CHIEF
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To aneivze the econemic aspects of recruiiment and retention of Army

grlizted perenrnel it ie neceszary to have some irstiiutiernal understanding of

sglecting higsly ouslified recruits. The rancz of availablie ainducements to
reen.ist ant sorzue various military occupatiorzl specizities (MOD
different or:or to 1981, and uniese one ie precaredg to believe that his mocel
represente very “deep" rpa-zmeters of the militery career choice, i1t is

odele of the zre-1%9321 era could appiy easily

)

unlikely thet cznzvioral cheice

-

pr without grszt caeution tc the post-1981 era. A pesesible research goal could

te to test for =:iructural differences in models reprezenting thecse two eras.

Az will Ce seen below recruitment arnd reenlietment choices are tied into

& ezt of cuelifications of the individual and conditions of employment which

[k}

then imply a compensation package. This means that efforts by a certain band

of ecprial egriszntisztz known &€ economiste to estimate pey =nd retzntion
glzesticities must include =z modelling of the eelf-z=lection and offer procese

of <he original enlietment point or absurd rezults are likely to arise. To

ilisstrete, reenlistment bcrnuses are offerec in enortace MOS's cniy to thoze

pazzing certain threcholds on the skill qualificaticn test (E47! and certzin

thresholds of the Beneral Technical (BT) which is & iinear combination of
subcete of the Armed Forcee Vocational Aptitude Eattery (ASVAE) adminicstered
to new recruits to measure their general mental abilities. Without knowledge
of the change in criteria for offering such reenlisiment bonuses one could

erroneously conclude that medium to low skill persons appear less responsive



tg reeniistment bonusez thzn sihilled ceople, unless one rexlized that many of

the lz:ze skilled in the z:-zle were simply ireligible fo- conuges.?

- . . "
"he sisuvgiure of the =Ty pay sozhiem cen Se esen 2z s Dlent of & SI0WLY

Rertimz mroIram inheriied ir large rmesesure frof pre-3nT iell volunteer forecs!
devs,T combined with 2n cverlay of ingentives to cesl with heterogeneity of

izomr merbkst

- PO r T -
124 oillicm., of whic

million iz =pent on reenliziment bonuses i{down from shout $1E0

vesre snci =nd ansothe- €%% millien or less currsntly repreesnts the Aroy
cormTeitution to the E-my (ollege Fumg (ACF) {on &n accriel basiz) under the

. e . T : - : smom_ e
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TTRITIED RIrlaly SaElf o ore. LS88 &TTICNED mKIISNIlN =8 70 s o vear,)

. e e
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i. (& 2 for amalveiz is the availabilty of ion COh oincivicduals
zrd the policies which mey shape tneir cheoices. = enannle ebove, the
macnitucde of beonuses is not kept in & centrel file znd the changing bonus
ociicy cazn ne obtained only through studying issues of grav Time

2. The &VF cates back to Jenuary, 1573

Z. Recolar sz*tarv Cempeneation (FMD) includes bzsic pav and BAU + VHA +
tzsic allowance for subsisitence (BAS) + tar sdvantscez of BAR, BAS end
\',“:J“-'g‘ .
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v. Reenlistment

Litmeocn = eervicems~ can be berred frosm future sarvice in The Arav st

srv tine, =wuoch of the relstec review for berri~g occurs =z ths ernc eof & term

s for language zpecialtiez end to receive this
or & minimum of four years.

7. The mentel categer:esz ers defined by percs-tile scorss of ine AFOT. 1 is
§3-99, 11" iz &5-92, IITR ie S0-64, IIIE is T3- 49. IV ig 1i-32 znd V is 10

or IEE-.
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reIcaining intc ehortags Mot e and, through their scssnce, discourage movemsns

intc surplus MDE"e.® In ceneral no res-listment bonus ie aveilebls if =z MOS

Ze For civililen-researchers we cshould note that resniistment tonuses zmz
crtions to retrain differ through time in ways wnich are not easy
gocument. It appears that only through cereful study of icsues of

Tices can cne develop & time series of firmy reenlistrent bonus golicy at
the MOS level. A pessiblz alternative is to use DMDC Zatz inm a zonue file.
klec, the Army may fund an effort tc record borus datea from its $iles,
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fact there was & "hidden®™ bonus in the form

cecisicon.

to

refzsr
t, second ard thirc term

: - ‘e & -z - - -
anyons with 2o C° TOre monineE o

-t
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in the Arry extenzions are sno-t, perhaps 2
representing decisions, 1t probably makes
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In rmcdeling reeniistment it ie importent to trinmk etout bars or
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"cuild & recorc" against resnlistment. Thie bar can be sccesled, One research

when evailaetle vacancies eppear

2, Courtmertialed., Thieg iec presumsd evidence of & inzprrocr-iatsness fc-
Zrmy g2vigs =ns lesds T TErTOCmEncE bar,
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ent weight {and for body buildere & possibie suzplementary submersion test).

&, Skill pualificaetior test ecore (SU7). Thie ie & recent devaleoment.

Zurrently cne is barred fo- failing the S8BT twice,

6. BT urder §0, GT iz & linear combinaticn of subeets of the AFET.

bar mzy not necessarily show up &s a bar in the individuszl s rscord.
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I, Promotions

SegmItlong ere conirciled by the Tompar s TIASINISC LI 10 tne ie.2:oof D4,
2iornlizicant czzzle zre zizcsted et I @me eftsr o osmonine ere sutomsticelly
srouzted T ED, ST ds slsz cioze to pEing auToéiTic 2t <ts enc of onz yesr Sor
TTIRE LO0 PTE nIT Z1SCRErIEs, TnE E4 cromoticr zooure fstesen vees 1,0 zno 3.7
gz Zverl:b: it time with eoromotion te ES wrich cEnocIztur zmywhere Setwesn

ez Z.0 and csse (8.0,

In making E4 promotions the comrerder iz cgiven & roster of eligibles
Srzrnoon time im o eervice =nd time in grade. Ths comrendsr cern oproncis ozl
thcsg in the orimary zone, defined as those with more trnan Z& months of time
ir. gzrvice {7i8! anc crester than & months tice in creze {TIE)., The TIS/TIG

recLirenents can e waived, anc up to a maxis.m of ZU percent of E4'c below

ine primary zone can ce promoted early.

Promotion to ES and Ebie a three-cstage pro-ess. Fircst one is eligible via

TiCisun time in ocerv

c:n chenge &€ & ccnsecuence of & promotion, pertizularly us to higher,

ow include promctic- bBoar? szcre baszed on an orsl
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1. Fromotion board rating 200

2. Lonranding off:cer evaiuvetion 200

. 'Y 2
4, Necorations S0
S. Mriitary ecucsticon {igzderehip,
renzoement courees) 150
6. Civilian educstaor 100
7., Pheziral test. marbzmanship 120

Viil. Conclusion

There is a great deal of institutional material in the A-mv recruitment

and retentiicon system which must be +irst understood and then be intelligently

simplifisc in order to assess the responses of individuals %o various
incentives. f#z a research topic there is a great deal of interest in the

eniistment, 2ttrition anc Firet reenlistment periods. This is where eleot o

-ty

the action is taking place, and continuation preobabilities between these

p-2

Ziffersnt steces are cuiite low. From thi

wn

initial descripticn cf the procsss

t cseems =encsible to think about modellino esch of these three stages 22 =

[ N

multinorial choice process in which the choice set is a function of personal
charectsristice and Arey recruiting policies at each point in tims, and 0

which the siection of & particuler choice is & funtion of :nitial offer

nerengiacs =uch as pay, EE and ABF, but itz also the consec.zrce of variszbies

st subseauent stages, such as reenlistment bonuees and civilian earnincs as

shaped by vears of service (Y0S),
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TABLE 4.

Incentive type

(1) 2-yr ACF only
(2) 3-yr ACF only
(3) 4-yr ACF only
(4) Low EB only
(5) High EB only
(6) 3-yr ACF

+ $4.0K EB
(7)) 4-yr ACF

+ $1.5K EB
(8) 4-yr ACF

+ $2.0K EB
(9) 4-yr ACF

+ $2.5K EB
(10) 4-yr ACF

+ $3.0K EB
(11) 4-yr ACF

+ $3.5K EB
(12) 4-yr ACF

+ $4.0K EB
(13) 4-yr ACF

+ $4.5 EB
(14) 4-yr ACF

.+ $§5.0K EB

(15) 4-yr ACF

+ $6.0K EB
(16) 4-year ACF

+ $7.0K EB
(17) 4-year ACF

+ $8.0K EB

FY1981///;:1982

OBCSIOT Show$ st 2000

FY1983
gg\)dw&' J’SQMD
1,382 1,754
6 87 ‘30
241 84 43
4,527 659 176
\)Mbcj’ 203 619
32 103 93
0 0 5

121 187 114
241 35 149
246 941 831
802 0 352

0 0

1,561 8,767 8,031
0 0 0
0 0 0
0 499 5,182

Enlistment Incentives Utilized For Cluster #l1 By Year

All
FY1984 4-Years
3,725 10,791
1,468 4,802
15 138

2 370

39 5,401
722 1,616

. 87 315
~ 67 72
164 586
21 446
855 2,873
648 1,802
S 5
6,747 25,106
662 662
0 0
3,147 8,828
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Chapter 1

Introduction and Background Information

1. Introduction and Statement of Research

With the inception of the All Volunteer Force 1a 1973, a considerable
amount of research has been devoted to the study of military
enlistment supply. For the most part, however, this research has
been limited to the analysis of aggregate level data of a
predominately economic nature. The present research consists of an
empirical analysis of the determinants of enlistment and differs in
both the type of data and analytical approach from most of the

previous work in this area.

The purpose of this chapter is informational. The following section
provides a description of the present analysis. Sections 2 and 3
respectively provide background information on the current Armed
Force and previous research on enlistment supply. The last section

is reserved for an outline of the remaining chapters.

l.1. Statement gf_Research

While the analysis of aggregate level data has proved useful in

forecasting enlistment supply,1 it has not been able to provide the




needed insight into the actual determinants of the enlistment
decision. The present analysis utilizes a micro level longitudinal
data base drawn from the National Longitudinal Survey of Youths,
1979-1981, that is rich in economic, sociological, psychological and
demographic information about the potential enlistee. By the use of
such data, specific hypotheses of enlistment, as well as other
occupational choices, can be tested. A potential limitation of the
present research is that, unless the sample size is sufficiently
large to permit disaggregation by service, the analysis will not be

service specific.

l1.1.1. Hypotheses

i.) The role of socio-psychological and family-demographic
characteristics in the enlistment decision: These characteristics
include motivation, parental education levels, the number of family
members currently serving in the military, family attitudes toward
the military, marital status, the number of dependents and other

characteristics that could be important to the enlistment decision.

i1.) The role of economic attributes in the enlistment decision:
Previous studies have utilized average economic attributes. These
attributes are rather lmprecise in explaining and predicting
individual behavior. The present anlaysis will include economic
measures that are more individual-specific. This will allow the
testing of how acquired human capital, civilian wages (actual and

expected), individual-relevent unemployment rates and the abllity




to finance a college education impact on the enlistment decision.

ii1.) The impact of recruitment activities on the enlistment
decision: Prior analysis on this aspect of the enlistment decision
has met with limited success. This could have been due to
imprecise instruments, insufficient variation in the explanitory
variables, or model misspecification. 1In the current analysis,
recruitment activity will be measured by individual contact with a
recruiter, advertising expenditure (location specific), and

recruiter density.

1.2. Analytical Approach

The analytical approach consists of the estimation of a mixed
discrete/continuous simultaneous equations model of occupational
status for male high school graduates one year after receiving a high
school diploma or General Education Diploma (G.E.D.). The
occupational status cholce set consists of three possibilities:
civilian employment, college enrollment or military service. The
sample selection criteria is based upon several considerations.
First, during the period of analysis (1979-1981), high school
graduates can be viewed as unconstrained by demand considerations.
Secondly, allowing one year to transpire before observing the
individual's occupational status permits a more accurate assessment

of the individual's initial career decisions. Lastly, this sample




specification will simplify the analysis by excluding occupational
switching, which would complicate the analysis if the individual wa;\

tracked for more than one year.

A major problem with qualitative choice models is sample selectivity
bias. Various techniques have been developed to correct for this
bias for binary choice models. However, very limited work has been
done to extend these correction procedures to the trichotomous case.
The present analysis will include a trichotomous correction procedure

that is based upon the work of Lee (1982).
1.3. Data

The data base will consist of a sub sample of approximately 2,000
observations from the National Longitudinal Survey of Youth, 1979-
1981. Approximately 650 of these observations are eanrolled in
college, 230 are enlisted in the military, and 1,180 are employed in
civilian sector jobs. This sub sample will be augmented with
locational specific information on economic conditions and
recruitment related activities. The military data will be drawn

from the Defense Manpower Data Center's Enlistment Master Files.2

2. Background Information on the All Volunteer Force

The current commitment to an All Volunteer Armed Force is not an
unique experience in united states history. Rather, historically,

U.S. Armed Services have satisfied their manpower requirements from




volunteers. Only during periods of national emergency has this
country turned to a policy of forced conscription to satisfy these
unexpected manpower requirements. What 1s unlique about the current
force is its' size. In particular, the current force 1s
approximately five times the size of the pre-World War II force (the

last pre-draft era force).3

The first serious movement towards the re-institution of an all
volunteer force came in 1969 with President Nixon's appointment of
the Gates Commission. The resulting commission report recommended

a return to an all volunteer force accompanied by an Increase in
military wages, improved recruiting activities and the establishment
of a standby draft system.4 Almost three years were to elapse before
the then Secretary of Defence, Mr. Melvin Laird, was to announce

the end of the draft in January 1973.

Since the return to the policy of voluntary enlistment, the force
has been periodically subjected to critical commentary about 1its'
continuing viability.5 Typically, these comments consist of whether
the force has satisfied its' recruitment objectives, will continue
to satisfy these objectives, the quality of the recruits, and how
representative the recruits are of the general potentlal recruit
population. Actual recruiting performance has lent mixed support
to these comments. Table 1-1 provides a breakdown of actual
recruiting trends for the Army. Army data is reported because, out
of the four services, the Army has had the most difficulty in

achieving its' recruitment objectives.6




Table 1-1: Army Recruiting Trends (non-prior service enlistments)

Fiscal % of Manpower % High Sch % High Sch % MCAT % Black % Blk/

Year Obj. Filled Graduates Grads/Pop I-IIIA % Blk
% HS Grad Pop
(1) (2) (3) (4) (5) (6)
1974 98.7 50.1 0.66 52.5 27.2 2.39
1975 100.4 57.8 0.78 57.6 23.0 2.00
1976 100.1 58.6 0.79 54.8 24 .4 2.12
1977 100.3 59.2 0.80 34.2 29.4 2.53
1978 97.7 73.7 0.99 37.9 34.3 2.93
1979 86.7 64.1 0.87 30.6 36.8 3.12
1980 100.2 54.3 0.75 26 .0 29.8 2.53
1981 101.0 80.3 1.11 40.0 27 .4 2.32
1982 104.1 86.0 * 53.0 24.6 2.07
1983 100.3 87.6 * 6l.4 22.0 *

* Data not avallable.

Sources by column number:

(1), (2), (4), (5) : Data provided by S. Castledine, DAPE-MPA-EA.

(3) : Pop % HS Grad refers to the % of 18 year olds that are high
school graduates. The Statistical Abstracts of the United

States: 1984, Table No. 255, pp. 160, Dec 1983.

(6) : The Statistical Abstracts of the United States: 1984, Table
No. 32, pp. 32, Dec 1983 (for years 1979-1982). Data for 1974~
1978 from The Statistical Abstracts of the United States: 1979,

Table No. 27, pp. 28, Sept 1979.



The first column of Table 1-1 illustrates that, except for Fiscal

Years (FY) 1978-1979, the Army has been able to satisfy its' recruiting
objectives. Two measures of recruit quality are reported in columns

2 and 4. With the exception of FY1979 and FY1980, the Army has been
increasingly able to attract a higher proportion of high school
graduates. To control for general population trends in educational
attainoment, the ratio of high school graduate recruilts to 18 year old
high school graduates is reported in column 3. The data in this

column indicates that the Army had a below average proportion of high
school recruits for FY1974-FY1980. However, even though data for
population high school graduates in the most recent years is
unavailable, an overall trend towards a higher proportion of high school
graduates can be seen. Information on recent recruiting performance has

tended to support this trend.7

A second indicator of recruit quality is given by the petrcentage of
recruits that are classified into Mental Categories (MCAT) I-IIIA.
Mental category classification is based upon the test score results
of the Armed Forces Qualification Test (AFQT). The AFQT is a four
part examination that is used to predict the trainabllity of the
potential recruit. Individuals who score in the upper 50 percent
fall into the I-IIIA categories and are considered to be above
average in quality. The apparent decline in the precentage of
recruits falling into these categories for FY1977-FY1980 is partially
attributed to a renorming of the AFQT score results in 1980. For
the years 1976 to 1980, the AFQT test score results were incorrectly

normalized on a 1944 population. The renormalization of these scores




to a more relevent population resulted in an increase in the number of
lower Mental Category recruits.8 The years following the renorming

i{ndicate an increase in the percentage of MCAT I-IIIA recruits.

A third common critical comment periodically directed to the Force

is that it is disproportionately manned by minorities.9 The
information in columns 5 and 6 tend to support this, particularily

for the late 1970's. Since FY1979 however, the trend has been towards

a proportionate representation of blacks in the military.

In general, the information in Table 1-1 indicates that the Army
has been able to attract a sufficient number of recruits, while
upgrading the quality of these recruits (particularily in the most
recent years). The ability of the Army, and the Armed Forces in
general, to maintain this trend in the coming years is not that
certain. Figure 1-1 illustrates that projected demographic trends
are unfavorable to these goals. 1In addition, in the face of
favorable changes in economic conditions these recruitment trends

may become difficult to maintain.




3. A Brief Discussion on Prior Research

The majority of research on enlistment supply has been of an
empirical nature. What follows 1s a brief discussion of the

theoretical underpinnings and major empirical findings in this area.l0

3.1. Theoretical Background

The economic theory of military enlistments 1s dominated by supply
side utility maximization principles.11 The lack of demand side
analysis is largely attributed to the perculiar characteristics of
military enlistment demand. As stated by Brown (1984), "... the
Armed Forces are neither pure price takers nor pure quantity takers.
Rather, they attempt to fill a predetermined number of positions at

a predetermined wage, with recruit quality varying to equate supply
and demand."12  This implies that recruits that are deemed high quality
(ie -~ in Mental Categories I-1IIA) are not demand constrained and,
given the number of high quality recruits, the residual number of
lower quality recruits are determined via a more standard market

clearing process.

The theory of enlistment supply was first explicitely discussed by
0i (1967) and Fisher (1969). Simply stated, the theory predicts
that an individual will enlist if military monetary compensation
exceeds the sum of civilian monetary compensation and taste
(distaste) for military service. Or, using Fisher's notation, the

individual will enlist if



(1) W > W, (1 + d),

where W, and W, are the respective military and civilian income
streams (discounted to present value) and d is a measure of taste

(distaste) for military service.

This basic framework has been the foundation for most of the
empirical work in this area. Subsequent researchers have focussed
on the more technical aspects of model specification and

econometric estimation.13

3.2. Empirical Highlights

Previous empirical analyses can be characterized by two criteria:

1.) Aggregate or individual (micro) level data and 2.) time-series

or cross-sectional analysis. With the exception of Brown (1984),

Jehn and Shughart (1977), Ellwood and Wise (1984) and Daula and Smith
(1984), all of the aggregate level studies have also been time-serles.
A summary of the major characteristics and findings of these studies
is presented in Table 1-2. The studles covered in this summary
should not be considered exhaustive of the work done in this area,

but merely representative.14 This section will briefly discuss some
of the highlights of these studies. These highlights are classified

as being either economic, recruiter or demographic related.




3.2.1 Economic Findings

The two major economic issues relevent to enlistment supply are the
effects of wages (directly) and unemployment (both directly and
indirectly). Most of the studies have found significant and positive
(negative) military (civilian) wage effects. The range of estimated
wage elasticities, however, is quite large. This is partially
attributed to the branches studied, specification of the wage variable,
period of analysis, and stratification of the data by race and/or

recrult quality.

While these estimates range from very inelastic (Ash, Udis and McNown)
to rather elastic (Dale and Gilroy, Baldwin, et. al. and Daula, et.
al.); several underlying trends have been found. First, almost all of
the studies that included race effects found higher wage elasticities
for whites vs blacks.15 In addition, those individuals deemed high
quality exhibited larger wage elasticities than lower quality

individuals.16

The estimated effects of civilian labor market unemployment have

been somewhat less consistent. One would expect significant
unemployment rate effects.l’/ TFor most of these studies this is not the
case. Rather, the estimated effect has been insignificant and/or
wrong signed and sensitive to changes in the functional form. In

the studies that found statistically significant effects, the
elasticities have been generally quite low. Comparisons across

race and recruit quality have resulted in fairly consistant




differences in effects. Blacks were less sensitive to unemployment
effects than whites. High quality recrults were more sensitive to

the unemployment rate than lower quality recruits.

A third economic relevent issue is the effectiveness of various
military college assistance programs. These programs were the GI
Bill (up to 1977) and the Veterans Educational Assistance Program
(from 1977 to the present).18 Only Dale and Gilroy (1983a,1983b),
Brown (1984) and Daula and Smith (1984) have empirically tested the
effectiveness of these programs.19 With the exception of Daula and
Smith (1984),20 the finding of these studies generally indicate that
these programs have been successful in attracting recruits. Brown's
results are particularily surprising because the estimated effect of

the VEAP was larger than that of the military wage.21

3.2.2 Recruitment Effects

Recruitment activities consist of advertising and recruiter effort.
The analysis of the effectiveness of these activities, while
important to military manpower planners, has yielded generally
inconclusive results., Most studies have found neglible and/or
statistically insignificant recruiter effects. The extreme case is
Daula, Fagan and Smith (1982) who found statistically significant,
but negative recrulter impacts.22 The most consistantly significant .
(over model specification) estimates are those of Brown (1984),
Detrouzos (1984), Goldberg (1980), Jehn and Shughart (1977) and

Horne (1984).



Dale and Gilory (1983b) found insignificant results when measuring
recruiter effectiveness by the number of production recruiters.
However, by using a dummy variable approximation for recruiter

effort, a significant positive relationship was discovered.

Brown (1984), Daula and Smith (1984), Goldberg (1980) and Horne (1984)
included advertising measures., Brown (1984) and Goldberg (1980) had
generally nonsignificant findings. Brown used both local and
national advertising expenditures. His results indlicated that, at
best, only national advertising had a positive and significant

effect. However, this result was not consistant across equations.
Local advertising had no discernible effect. Goldberg (1980) also
found consistantly insignificant effects across samples and

functional form.

Daula and Smith (1984) and Horne (1984) had somewhat better success.
Both of these studies included national and local advertising
measures. Daula and Smith (1984) found both of these measures to be
positive and significant. In addition, national advertising
(measured by potential exposure time) was found to have a
consistantly greater effect than local advertising expenditures.
Horne (1984) had simmilar results for national advertising, but local

advertising was found to be insignificant.




3.2.3 Demographic effects

The only demographic effects used in the time-series studies
consisted of the estimation of different equations for blacks and
whites. The results generally indicate a lower sensitivity to
changes in wages and unemployment rates for blacks compared to

whites.

The cross-sectional and pooled studies were able to introduce
additional demographic measures due to the variation in demographic
characteristics between individuals and/or local regions. Daula,
Fagan and Smith (1982) and Baldwin, Daula and Fagan (1982) were the
only studies to utilize individual level data. The variables that
these studies used, however, were restricted to locational and
marital status dummy variables. Their significant finding 1s that
{ndividuals from the north-central part of the country had a higher

probability of enlisting than individuals from other regions.

Jehn and Shughart (1977), used average demographic characteristics
of the recruiting district. Their results indicate that districts
with a higher median education level and a lower per capita income

level have a higher rate of enlistment.

4, Outline of Chapters

The remainder of this research is organized into four chapters. The

following chapter will present a model of occupatlonal choice, as




applied to military enlistment. The relevent econometric Issues and

empirical hypotheses will also be discussed in this chapter.

The data that will be used for the empirical analysis comes from
several sources. The third chapter is used to describe how the
data set was constructed. In order to generate a "feel” for the

data, various descriptive statistics will be presented.

The empirical results will be presented in the fourth chapter. These
results will then be compared with earlier research findings. A
summary of the empirical results and a discussion of potential

future research is given in the last chapter.
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CHAPTER 2

Occupational Choice of High School Graduates:

Theory and Model §Ppcification

1. Introduction

The purpose of thils chapter 1s to present a micro economic
model that will be utilized in the analysis of Armed Forces
enlistment determinants. This model will be based upon the
theory of random utility. A general occupational choice
model is presented in the following section. Section 3 will
apply this model to a three choice setting, which i1s the

basis of the empirical analysis.

There are several econometric issues that must be addressed
in this analysis. These issues will be discussed in section
4. The empirical model will be specified in section 5. The

last section is reserved for a chapter summary.

2. A General Model of Occupational Choice

The decision to choose a particular occupation from a vector
of possible occupations will be analyzed 1s a standard util-
ity maximization framework. The individual 1is assumed to

face a vector of occupational possibilities for any




particular point in time. 1In addition, it is assumed that
each of these occupational possibilities has an associated
set of monetary and non-pecuniary attributes. The Indivi-
dual's problem consists of selecting the occupation that
maximizes the lifetime returns to these attributes. For the

ith individual, this is given as

(1) max Ul = ul(y,, x), for k = 1,2,...,K,

where X, 1s a vector of non-pecuniary attributes for each
occupation k and Y, is the discounted present value of the

monetary returns to this occupation.

Individual tastes are assumed to play a large role in the
valuation of the returns to the various occupational
possibilities. 1In particular, it is assumed that tastes
affect the individual‘s valuation of the non-pecuniary
attributes of the occupational alternatives. However,
tastes are assumed to not affect the individual's valuation
of income from each of the possibilities (ie - a dollar is a
dollar). All that this implies is that, given identical
income streams between two or more alternatives, the indivi-
dual will choose the occupation with the highest valuation
of the non-pecuniary attributes. This taste effect 1is
explicitely incorporated into the model by rewriting

equation (1) as




(2) max v = uley,, x oz,

2
<

0 and aui/az? % 0. Individual

attributes and tastes are represented by the vector z*.

K
with bU*/BYk>O,BUi/EXk

While individual attributes can be observed, usually tastes
cannot. The introduction of these unobservable tastes into
the model transforms the utility function into a stochastic
function. This 1s seen by assuming that equation (2) can be
decomposed into a function that Is seperable in the observ-
able non-stochastic elements and the unobservable stochastic

elements. This decomposition is given as

(3) ol = viey., x.; zhH + Ué(xk;zi

1"k’ Tk’ )s

where Ui( ) represents the observable non~-stochastic
components of Ul and U;( ) represents the unobservable

stochastic components.

This particular formulation of the utility function is an
example of what is referred to in the literature as a random
utility model. First introduced by Thurstone (1927)1 , this
formulation of utility has proven useful for analysis of a
variety of qualitative choice problems.2 It is used in

this analysis as it presents a convenient and realistic

framework for the analysis of occupational choilce.




The assumed distribution of the stochastic elements in
\

equation (3) will become important for the choice of ?\
econometric specification to be utilized for the model | \
estimation. This will be covered in section 4. For the
present discussion, no assumptions will be made as to the

explicit distribution of these elements. Rather, this

exposition will proceed on a more general level.

Now consider the choice of a particular occupation j out of
the set of possible occupations. For all occupations

k # j, j will be selected if and only 1if U; > Ui . Or,

in the framework of equation (3), j will be selected if and

only 1if

(4) ui(xy

1Y, X

.71y ¢ uiex.. 21
i3 2 ) UZ(XJ, z) >

1 . gl Teg. . o1 5,3
Ul(Yk’ X5 Z ) + Uz(xk’ z+), for all k #j.

By rearranging terms and simplifying the notation, equation

(4) is expressed as

i i i i
(5) (Ulj Ul) > Uy Uzj),

14 i T U | _
where Ulm = Ul(Ym’ Xm ; Z27) and Uzm— UZ(Xm’ Z2°), for m

1,2,..., K. This equation states that only if the

observable difference of Uij and Uik (pecuniary utility)

exceeds the unobservable difference of the stochastic



elements ng and U;j (non-pecuniary utflity), will

occupation j be selected.

3. Application of the Model to Military Enlistments

The purpose of this section is to apply the general model
presented in the previous section to the decision to enlist
in the Armed Forces. In order to make some of the econo-
metric aspects of this analysis more tractable, several
simplifications will be introduced. First, the occupational
choice set will consist of three possible states: civilian
employment, full-time education and military service. This
simplification is required due to the econometric com-
plexities and data constraints that would result with a more
disaggregate choice set.4 Secondly, the possiblity of
occupational switching will not be considered. Rather, this

analysis will focus on the occupatinal status of the

individual one year after graduation from high school.5

In light of these simplifications, the utility assoclated

with the three occupational possibilities Is represented as

1 1
(6) Uy = U (Y, X zh) 4 us (X zh)



where k 0 for civilian employment,

1 for full-time education,

2 for military service.

K
Let P£ , k = 0,1,2, represent the probability of observing

the selection of occupation k for the ith individual. The

probability of observing an enlistment (k = 2) 1is given as
(7) Pé = prob(Ué > Ui and U; > Ué )

= prob(ﬁé1 > Wiz and ﬁéo > Wéz ),
where ﬁ§k = (Ulij - Uik ) and Wji = (Uéj - Uzi Y. According

to the specification of this equation, the probability of
observing an enlistment is a function of a multiple bilnary
comparison process. An alternative method of representing
this probability is via the use of order statistics, Within
an order statistic framework the individual is viewed as
ranking the returns to the various alternatives from lowest
to highest. This implies that a particular occupational
choice will be observed only.if the returns to that
occupation exceed the maximum returns over the set of
alternatives. Therefore, the probability of observing an
enlistment, as given by equation (7), can be also expressed
as

= prob(U%) max Ui k = 0,1).

[A2



There is little conceptual difference between these two
approaches. They both imply the choice of the alternative
with the highest associated returns. The only difference
consists of how the individual is assumed to compare the
alternatives. Regardless of the assumed choice process, the
observed outcomes should be identical. There is, however,
an econometric advantage to the order statistic approach.6
Estimation of the model will be subject to a sample
selectivity bias. Correction for this bias is far less
cumbersome using this approach compared to the multiple
binary comparison approach. For this reason the order

statistic approach will be employed for the remainder

of this analysis.

The next step is to specify the empirical model equations.
At this point only a general specification will be
presented. Actual variables descriptions and hypotheses for
the coefficients will be presented in section 5. 1In an
"{deal" situation the model would consist of 6 equations
with an equal number of endogenous variables.7 This ideal

model is given as

(9) Uik= &lYik + ZikBk + Nik and

(10) Yik = XikYk toe for 1 =1,...,N and k = 0,1,2.

The variables in this ideal system are defined as



Uik = the valuation of the returns to alternative k

by individual 1,
Yik = the monetary returns to alternative k,

Zik = a vector of alternative specific and nonaltermnative
specific (personal) attributes,
Xik = a vector of personal and alternative specific
attributes,
N 1k, ey = model error terms

o(I,Bk,\(k = unknown model parameters

Unfortunatelly, in the present analysis, this ideal model
cannot be estimated. This is because the expected monetary
returns to education (Yil) 1is not observed for the sample
group. Uii also 1s never observed, but this 1s not a
problem. It can be represented by the assignment of

discrete values to a proxy variable, conditional upon the

observed occupational choice.

There are several possible methods to create a proxy

variable for Y One method consists of estimating the

8
i1*
education monetary returns equation with data for
individuals who have completed college, discounting the

estimated t+n to the relevent time period, and

Yi1°
using the resulting value as a proxy for these expected
returns. The problem with this approach 1s that these

estimates will most likely be biased and imprecise. One

potential bias of this approach is due to these estimates



being based on a sample of individuals that have completed
college, whereas those who are still involved in the
education process face a non-trivial probability of not
completing. Hence, the estimated income would be upwardly
biased. 1In addition, determination of the proper rate of
discount and differences in the vector of explanitory

variables will further reduce the accuracy of this method.

A second method of approximating Yil consists of

estimating what the individual would have earned if employed
in the civilian sector. Assuming that the returns to human
capital investment are an increasing function (over the
relevent range) of unobservable "ability”™, this estimate
would create a lower bound on Yil' There are two
difficulties with this approach. First, there is no

reason to expect "ability" to have a homogeneous impact
across options. Rather, it is more reasonable to expect the
opposite. This implies that the observed earnings of those
who elected not to enroll in college could very well exceed
the estimated earnings of those who did, at the date of
enrollment. Secondly, the proper context to view the
monetary returns to education is within the individual's
lifetime. Therefore, even if "ability"” was homogeneous, a
cross-sectional analysis, at the time of enrollment, would
have difficulty capturing these returns. This discussion
leads to the conclusion that use of either of these

approximations may create more problems than solutions.




Therefore, the expected monetary returns to education

equation will not be estimated and Yil will also be excluded

{
!

from the respective selection equation.

There are two remaining steps that are necessary prior to
model estimation. The first consists of the choice of
econometric model specification. This will be done in the
following section. The second consists of the equation

variable selection. This will be presented in section 5.

4. Econometric Issues

The model given by equations (9) and (10) can be
characterized as a mixed continuous/discrete model. There
are three econometric issues that must be addressed prior to
estimation of this model. These issues are the choice of
econometric model specification, correction for selectivity
bias, and the correction of choice based sampling bias. The
choice of model specification will be considered first.
Then, given the chosen specification, the selectivity and
choice based bias issues will be addressed in the

following sub-sections.




4.1, Econometric Model Specification

In general there are three widely used model specifications
for the estimation of qualitative response models. These
are the linear probability, logit and probit models. The
choice of the appropriate specification i1s based upon two
criteria : the estimator properties and computational
estimation constraints. A brief discussion of these model
specifications is presented before the choice of

specification is reported.9

4.1.1 The Linear Probability Model

The linear probability approach consists of least squares
estimation of a linear model where the dependent variable
takes on a value of 0 or 1, conditional on the observance or
nonobservance of an outcome. The difference in the
stochastic elements of this model are assumed to be

distributed linearly. This model is expressed as

(11) U; = X;B + Ny,

where Uj 1 if event occurs,

0 otherwise.




X; is a vector of exogeneous variables, B is the parameter

vector and N; is the model error term, assumed normally

distributed.

The major advantage of this specification rests with its'
computational simplicity. A wide variety of computer

software exists that is capable of estimating such a model.

The disadvantages of this approach are twofold. First, the

estimated probability of the event occuring, given

A A
by Ui = XBi , is not restricted to the [0,1] range., This

A
problem can be corrected by restricting Ui to this

range. However, as pointed out by Amemiya (1981),10 this
method of correction may result in unrealistic kinks at the

points of truncation.

A second problem is that this specification is hetero-

11

scedastic in the error term Nj. This can be corrected

by the use of a weighted least squares procedure.12 Even

though this correction procedure will increase the
efficiency of the parameter estimates, it will not, however,

A
remove the Ui range problem.

4.1.2 The Probit Modell3

The basis of this specification approach is an assumption

that the model stochastic elements are distributed



normally. This can be seen by allowing selection equation

(9) to be represented as

*
(12) U, = G,, 7T, + N,
i i

ik K Tk for k = 0,1,2,

k ?

Gik and Fk are respectively defined as a vector of all the

equation (9) variables and a vector of unknown parameters.

Nik is the same as defined earlier.
2

If N;, is distributed n(0, O N ), then the probability
ik

of observing a particular outcome (s) is given as

*

i *
(13) PS = prob(Uis > max Ui )

k
k #s

Yis Uge Yyt Vas

4+~ t&§Umf
= [ [ [ ] [ ] ./[ ¢ (U21’.‘.’UZS,'..’UZK)dUZK'..dUzl,
- R Lo

where ¢ is a multivariate standard normal density
function. This model is usually estimated via an iterative

maximum likelihood procedure.14

There are several appealing features to this model
specification. The first is that, unlike the linear
probability model, the estimated outcome probabilities will

always be within the [0,1] range.

Secondly, it is not necessary to assume the existance of

Independence of Irrelevent Alternatives (IIA).15 IIA is



said to exist if the ratio of any two given probabilities is
unaffected by the introduction of a third alternative.
Rather, introducing the third alternative affects the
probabilities of observing the other two by the same
constant amount. Clearly, if the newly introduced alter-
native is a closer substitute for one of the remaining
alternatives than it is for the others, this is not a

very realistic property.

There are three technical estimation problems with this
model specification. First, in a polychotomous (multiple)
choice environment, the larger the set of possible outcomes,
the more costly and complex the model estimation becomes.

In particular, for models with more than three possible
outcomes the estimation computational requirements may
easily exceed the capability of available computer

software.16

Secondly, there is no assurance that the estimation

17 instead of converging to a

procedure will yield results.
global maximum solution, it is possible that the search for
a maximum of the likelihood function will either converge to

a local maximum or not converge at all.

The third problem is related to the correction of selec-
tivity bias. If the selection equation dependent variable

was binary, correction for this bias would involve a




straight forward application of the "Heckman" two-step
procedure.18 However, due to the polychotomous nature of
this variable, a more tractable method of correction can be
more easily applied within a logistic model specification.

This will be discussed below.

4,1.3 The Logit Model

The major difference between the logit and probit
specifications is in the assumed distribution of the
selection equation stochastic elements. While the probit
model assumes a normal distribution, the logit assumes a
Weibull (type I extreme value) distribution. As shown by
Domencich and McFadden (1975)19, if the stochastic elements

(N;yp's) of equation (12) are Weibull distributed, then

(14) F(Nik < N) = exp[-exp(-N)]

and the difference between any two Nik's is distributed
logistically normal. The probability of observing outcome
(s) is given as

(15) P b(U, *
s pro Uis > max Ui

K’
k#s

prob(GisT\'S > max Gi W, + (Nik - N, ), k#s).

k k is

Following Lee (1982),20 let



(16) max Giiﬁk + (Nik - Nis) = ¥ .

Therefore, it follows that

(17) Pi = prob(Gi;Ws > WS) exp(GigﬁS ) ,

% exp( Gikﬂ’k)

where the right hand side term is a logistic normal distri-

bution.

There are several advantages of this model in comparison to
the probit model. First, the logit will always converge to
a solution. Secondly, the logit is computationally simpler
to estimate, particularily as the size of the choice set

increases. Finally, this model specification facilitates a

simpler method of correction for selectivity bias.

A major disadvantage of the logit specification is the
assumption of Independence of Irrelevent Alternatives (IIA),
which is explicitely incorporated in this specification.
According to this assumption, the relative odds of any two
possible outcomes are unaffected by the presence or intro-
duction of additional alternatives. This property can be
seen with the logit specification of equation (17).
Initially assume that the choice set consists of two
possible outcomes (k = 1,2). The probabilities of these

outcomes are given as




(18) Py = exp (G, )

x® (quﬂl\ voexe (61,71,)

for k = 1 ,2.

The relative odds of these probabilities are

Pl [ QxP (G\iqax E
(19) Py _ Loxp (GiaTh) v €%P (Bia3Ta) * e (GinTia)
-gr ) [ <x® (G"}“'Q ] <P (G'\;“;\
S
exe (G, TT,) + exe (G{.ATS_A) J

Now consider the effect of the introduction of a third
alternative. The denominator of the right hand side of
equation (18) will be expanded to include the effect of this

alternative. Or, equation (18) becomes

exp(GikMk)

(20) P

bl o

“T
exp(GifWI) + exp(Giiﬂé) + exp(Gi3 3)

for k= 1,2,3.

However, note that the odds in equation (19) are unaffected
by the introduction of this additional alternative. If the
alternatives are sufficiently different in characteristics,

this assumption does not impose unrealistic restrictions on




the model. 1In fact, this property reduces the computational
requirements for the evaluation of additional alternative

impacts.21

Counterintuitive outcomes could result if the additional
alternative is characteristically closer to one of the
alternatives than the other. Domencich and McFadden (1975)
illustrate this problem in the context of transportation
mode choice.22 They consider the situation of using an auto
or bus for a particular trip. Intuitively, one would expect
that the introduction of an additional bus option would
affect the probability of selecting the original bus (ie -
the closer substitute) more than that of the auto. However,
this is not the outcome under the IIA assumption. Instead,
the IIA property assumes that both probabilities are altered

by the same percentage change.

This discussion implies that ITA could lead to unrealistic
outcomes if the possibilities are not sufficiently
different. Therefore, the specification of the choice set

must be done with this fact in mind.

4.1.4 Choice of Model Specification

After comparison of the merits and restrictions of the three
possible model specifications it has been decided that the

logit specification is the most appropriate for the current




analysis. While the linear probability model is the
simplest to estimate, it has too many potential limit-
ations. The logit is considered superior to the probit
primarily because of the logit's reduced computational
requirements. In addition, the use of the logit
specification will facilitate the correction of selectivity

bias.

With respect to the restrictions imposed by IIA, it is
argued that this will not pose a serious problem. The
occupational choice set in this analysis has sufficient
differences between the alternatives that it seems
reasonable to consider these alternatives not to be close
substitutes. Also, a test of the IIA property will be done

using the test of Hausman and McFadden (1984).

4,2, Selectivity Bias

Selectivity bias is an econometric problem that is very
common in models with mixed discrete/continuous dependent
variables. The bias is considered to be present when one or
more of the dependent variables is observed conditional on
the satisfaction of a selection criteria. Unless the error
terms of the selection equation and the other structural
equations are uncorrelated, estimation of these other
structural equations will yield inconsistant estimates of

the true model parameters. When the dependent variable in



the selection equation is binary, there are several
computationally simple two-step bias correction procedures
available.23 However, with a polychotomous dependent
variable, bias correction becomes more difficult. The
correction procedure that will be used for the present

analysis is based upon Lee (1982).24’25

The nature of the selectivity bias can be observed by

considering the 5 equation model,

%
(21) Usp = GiQTk + N, » for k = 0,1,2 and
(22) Yoo = Xik.xk el for k = 0,2,

where Xi represents the vector of exogeneous variables

k

for occupation k, TTk and Xk are unknown parameter
*
vectors, e.. and N ,, are the model error terms. U, ,
ik ik ik

Gik and Yik-were defined earlier. The error terms

are assumed to be distributed normally for ey and Weibull

for Nik' The selectivity bias results as the Yik 's are
* . .
observed conditional upon Uik. In particular, Yio 18

*
is observed 1iff Ui >

* *
observed iff U, > wmax U. and Y,
io i 2

kro ik
*
?25 Uik' Now, substituting from equation (21), the

2

expected value of Yio in equation (22) yields

(23) E(Y, ) = X3,¥, + E(ego] 6, 8> ¥.).




Unless e;, 1is uncorrelated with wo , the expected value of

0
the disturbance term in equation (23) will not equal 0, and
E(Yio):¢XiOVo. Therefore, estimation of this equation

will result in biased estimates of Yio' The bias for the

other earnings equation (Yiz) can be expressed in a

similar fashion.

Lee has given an explicit form of the bias in equation (23).

This form 1is

io o

(24)  Eleyol6, W, > ¥y) = E[sbeo¢‘?—Jo (¢, J, 0 vl

L (FO(Gi;Ko}L
where V  is a disturbance term that is uncorrelated with
N o> with E(V,) = 0 and is the density function of a
standard normal random variable. SR and P, 2are the
standard deviation of e io and the correlation coefficient
between €0 and y: . y: is defined as a standard normal

transformed error term of the logistically distributed

disturbance WO. This transformation is expressed as
* -1
(25) b= Ioy) = TR ) L2

with F (y) representing the logistic normal
distribution function of { and §_l representing the

inverse of a standard normal distribution function.



. Jo(GioTS'o) is a similar standard normal transformation of
AN

the logistic normal distribution function FO(G.WJ ). v\
io''o 4
\

Substituting equation (25) into equation (24) allows

E(Y;,) to be expressed as

(26)  E(Y;.) = X3o¥o - El o p 9 [(35(6, 0 0) Vo]

|

(FO(Gigﬂog

XiO‘\(O - °-C)Fo¢‘(‘J'O(Giorgo)) ]

|
1§
57 Y) |

(FO(G io ©

1f Go,poand‘ﬂ; were known, the value of the bias term in
equation (26) could be easily calculated and estimation of
this equation would be straight forward. However, as these
terms are unknown, a two-step procedure must be implemented
to estimate these terms. The first step of this procedure

is to estimate the reduced forms of the selection equations

* —
(27) Uspe = G Dty ok=1,003,
where Gik is a vector of exogeneous variables T is an

unknown reduced form parameter vector, and flik is the
reduced form ¢rror term. Estimation of this equation will

‘ produce consistant estimates of the parameter vector Tk .




N
These estimates are represented by I\k' This first step

estimation will be accomplished by the use of a logit model.

The second step consists of estimating equation (26) by
A

ordinary least squares after substituting I} for I; and

evaluating the expression
Vel
(34(6; Ty
¢ A
LfFo(GioY}))

Estimation of this transformed equation will yield
consistant estimates of Xo and SoPo This technique
will be applied to the civilian and military earnings

equations.

4.3. Choice Based Sampling Bias

A choice based sample refers to a data set where the sample
selection probability differs between various sample sub-
sets. Instead of a random exogeneous sampling process
across the population, observations with a particular
characteristic (choice) are overly represented in the
sample. Choice based samples usually occur when the data
collection costs for exogeneous based sampling are
considerably higher. The sample used in the present
analysis is choice based as the 1979 interview year NLS

sample was merged with a military sample.27 The individuals




in the military sample were drawn with a different sampling
probability than those in the civilian sample.

As shown by Manski and Lerman (1977)28, ordinary estimation
of a model that uses a choice based sample will not yeild

consistant parameter estimates. 1In the same paper, these

authors also provide a method of correction for this bias.

Using their notation, define w(i) = Q(i)/H(i), where w(i) is
a weight for the observations selecting alternative i. Q(1)
and H(i) are respectively defined as the fraction of the
population and the fraction of the choice based sample that
selects alternative i. Weighting each observation by it's
respective w(i) will allow the consistant estimation of the
model parameters. This method of correction is referred to
by Manski and Lerman as a Weighted Exogeneous Sampling

Maximum Likelihood (WESML) estimator.29’30

5. Model Equations Variable Specification

The purpose of this section is to specify the variables that
will be used in the estimation of the empirical model. The
data set to be employed consists of a subsample of the
National Longitudinal Survey on Youths (1979-1981),
supplemented by additional data on economic and recruitment
related activities. The variables are briefly described in

the following sub-sections. A more thorough description of



the data set and the variables is presented in the following
\

N

chapter. A summary of the hypothesized variable impacts\can

!

be found in Table 2-1.

5.1. Selection Equations

The occupational selection equations are given as

*

(28) Us = A Yop ¥+ ZiBet Nogp o for k = 0,2 and
*
Uy, = Z; B * Ny o for k = 1.

the vector Z consists of all attributes, excluding income

(Y that are viewed as influencing the choice of

ik)’
occupation. This vector includes jndividual attributes that
do not vary between occupational option and attributes (both

individual and occupational) that are specific to the

option. Or,

(29) Zi = (24, 2z3%)>
where z; = non-option specific individual attributes and
Z5p = option specific attributes. The vector zy includes

various demographic attributes that, in some cases, have an
indeterminant hypothesized impact on the choice of

occupation. Specifically,




(30) z; = (MSTATUS, RACE, URBAN, UNRATE, TSCORE, HEXP,

EDDAD, EDMOM, EDSIB).

Marital status (MSTATUS) is hypothesized to have a negative
impact on college enrollment. Married individuals are
assumed to have greater financial responsibilities and,
hence, are less likely to enroll. The effect of marital
status on enlistment and civilian employment is assumed
positive. There is no a priori reason to hypothesize any
difference in the magnitude of the impact between these two

occupational possibilities.

The variable RACE is included to control for any racial
effects on occupational choice. Over the period of analysis
the Armed Forces have been disproportionately staffed by

31 It has generally been assumed that this is

minorities.
due to poorer employment prospects in the civilian sector.
Following this line of reasoning, the racial variable 1is
hypothesized to have a positive impact on the enlistment

probability. It is assumed to have a negative impact on the

other alternative probabilities.

The individual's place of residence (URBAN), is assumed to
have a stronge negative impact (for urban residents) on the
enlistment probability. Historically the Armed Forces have
received a disproportionate amount of recruits from rural

).32

areas (particularily in the south This could be due to




a difference in attitudes between rural and urban residents
towards the military and/or poorer employment prospects in
rural regions. The hypothesized impact on the other

alternatives 1is less certain.

The local labor market unemployment rate (UNRATE) 1is
hypothesized to have a positive impact on the enlistment
probability, a positive or indeterminant effect on college
enrollment and a negative impact on civilian employment.

The positive enlistment impact is attributed to the military
being viewed as an alternmative source of employment. The
negative civilian impact is attributed to the same
reasoning. For college enrollment the situation is not as
clear cut. It is possible that the individual perceives
college as a logical alternative to unemployment. If so,
the impact of the unemployment rate would be positive. A
more plausible arguement would be that the individual elects
to enroll because he/she has no immediate plans to
participate in the labor market. Rather, the individual
plans to acquire human capital in the immidiate future and
then return to the labor market. If this is true then the
local unemployment rate would have no impact on the

enrollment decision.

The variable TSCORE is used as a proxy variable for inherent
"ability". This variable consists of the raw score results

of the Armed Forces Qualification Test (AFQT).33 The AFQT




is used by the Armed Forces as a measure of the individual's
trainability. This test is usually administered only to
individuals that attempt to enlist. The NLS data base has
these test score results for all of the sample

observations. It is hypothesized that this variable

will positively affect the enrollment decision. The impact

on the other alternatives is indeterminate.

The variable HEXP represents the highest grade the
invididual expects to complete. It is assumed that the
higher the expectation, the higher the probability of an
enrollment. It logically follows that this would have the
opposite effect on the other alternatives. However, if
military college assistance programs are viewed by the
individual as a reasonable method of financing college, the

expected impact on enlistment would be positive.

The last three variables in the vector (EDDAD, EDMOM, EDSIB)
represent the education levels of the individual's father,
mother and oldest sibling, respectively. It is hypothesized
that the higher the educational levels of these family

34 For

members, the higher the probability of an enrollment.
the parents, the causality is assumed to be both direct and
indirect. Higher educated parents are assumgd to transfer
their attitudes towards education to their children.

Indirectly, the higher the education level of the parents

the higher the family income and hence, the ability




to finance the education of the children. The education
level of the oldest sibling is assumed to have a positive
impact as this reflects the family attitudes towards
education. However, it is possible that this variable is
not purely exogeneous. The education of the oldest sibling
may also be a function of parental education., This

possibility will be tested for prior to model estimation.

The impact of these family education variables on the other
alternatives is not clear. There will probably be a

negative impact as a result of the enrollment effect.

Returning to equation (29), the second set of attributes in
this equation counsists of those that are considered to be
occupation specific (z; ). For college enrollment (z4,),

this vector is

(31) zZ31 = (TNFINC, PSIBSCH, COLCOST, COLPROG) .

The first three variables in this vector are used to
represent the ability of the individual to finance

college. TNFINC is total net family income for the previous
year. It is logically assumed that this variable will have
a positive impact on the enrollment decision. PSIBSCH and

COLCOST are respectively defined as the percentage of family




members in school and the base tuition of the relevant state
university. These variables are hypothesized to negatively

affect the enrollment decision.

The last variable in this vector (COLPROG) indicates if the
individual participated in a college prepatory program while
in high school. Participation is viewed as reflecting the
individual's plans to attend college and, possibly, the
individual's academic ability. The hypothesized impact of

this variable is positive.

The military specific vector is given as

(32) 239 = (REC, NADV, LADV, ADDT, Y;,, DADMIL, TFMAFS,

MVEAP).

The impact of family characteristics on the enlistment
decision has received little attention in prior studies.35
Family member involvement in the military is considered to
affect the individual in two ways. 1In an informational
context, individuals that were raised in households with
direct exposure to the military have less uncertainty as to
the characteristics of military service. If the individual
was risk adverse, this information would positively
influence the enlistment decision. 1In addition, involvement

could reflect family (and individual) attitudes toward the

military. The variables DADMIL and TFMAFS are used to



capture these family effects. DADMIL is a dummy variable
that takes on a value of 1 if the individual's father w;;\in
the military in 1978. TFMAFS is the total number of famiiy
members (excluding the father) in the military as of 1979.
By the above argument, it is hypothesized that both of these
variables will have a positive impact on the enlistment

decision.

One of the major areas of interest to military manpower
planners is the effectiveness of “"marketing” related
policies on enlistments.36 Previous empirical studies have
attempted to capture these effects with limited success.37
It is hoped that by the use of more individual specific
measures, the present analysis will be more successful. The
variables REC, NAOV and LADV refer to recruiter activity and

advertising effort (National & Local). These variables are

hypothesized to have a positive impact.

A central thrust of the recruit advertising campaign is the
portrayal of the military as a mechanism to acquire human
capita1.38 This acquisition process is presented as
consisting of both on the job training and financial
assistance for post-service education. The variables ADDT
and MVEAP are used to measure the effectiveness of this
campaign strategy. ADDT is based on whether the individual
seeks additional training (outside of college). MVEAP

represents the maximum amount of benefits the individual is




eligible for under the Veterans Educational Assistance
Program (VEAP). Both of these variables are hypothesized to

have a positive impact on the decision to enlist.

It would be incorrect to assume that the MVEAP only reflects
the effect of advertising efforts. To be more precise, the
advertising effect is indirect. The direct effect consists
of how successful the VEAP is at attracting individual's
that would not normally consider military service. The VEAP
was introduced upon the expiration of the GI Bill in January
of 1977.32 To ideally assess the impact of the VEAP a
sample that covers both VEAP and pre-VEAP years is

required. Unfortunately this type of sample is not
available for the present analysis. With this limitation in
mind, it is still hypothesized that the effect of MVEAP on

enlistment will be positive.

The last variable in this vector (Yi2) represents military
monetary compensation. For those in the military, this
variable is directly observed. For those not in the
military, this variable will be estimated. A discussion of
this estimation is presented in the following sub-section.
The hypothesized impact of this variable on enlistments is

positive.

The last option specific vector is for civilian employment

(zio)' To insure that the model parameters are identified,



a normaliztion constraint must be imposed. There are two
types of normalization constraints. The first constrains a
particular By, to sum to 0 across the possible

40 rhis implies that, for the present trichotomous

outcomes.
model, By, = _(Bio + Biz)’ The second constraint sets all
of the By's equal to 0 for a particular possible

outcome.41 This constraint is based on the notion that one
of the possible outcomes is a normal state of behavior. The
other options are considered to be deviations from this
normal state. As shown by Avery (1980), either constraint
will yield the identical statistical outcome.42 The

second method will be used as it is considered to yield more

easily interpretive results.

Given this choice of normalization constraint, the civilian
employment specific attributes are constrained to 0 and will
not be included in the model estimation. Civilian wage

effects, though, will be retained in the model via the other

selection equations.

5.2. Wage Equations

The specification of the civilian wage equation is

43

predominately based on the theory of Human Capital. In

general, human capital investment is usually represented by

labor market experience, job specific training and

b4

eductional attainment. For the present analysis the



education level is relatively constant across the sample (ie
- all observations are high school graduates). Therefore,
human capital will be approximated by labor market
experience and non-high school training programs. The

civilian wage equation is specified as

(33) Yi0 = (TOTHRS, TGPROG, TVTPROG, VOCPROG, NWULYR,

MSTATUS, RACE, TSCORE)

Acquired human capital is measured by the first four
variables in this vector. The variable TOTHRS represents
experience, as measured by the total number of full-time
equivalent work weeks. TGPROG and TVTPROG are respectively
the total number of government and vocational (non-
government) training programs completed by the individual.
VOCPROG is a dummy variable for participation in a
vocational training program while in high school. These
variables are hypothesized to have positive effects on the

civilian wage.

The variables NWULYR and RACE are hypothesized to have
negative impacts on the wage. NWULYR is the number of weeks
unemployed during the previous year. This variable differs
from an unemployment rate as it is individual specific. The
variable RACE is a racial dummy variable. It is used to

capture the effects of direct/indirect labor market




discrimination and other unobservable individual

characteristic effects.45

Marital status (MSTATUS) is hypothesized to have a positive
effect. This is due to a higher assumed attatchment to the
labor market and, hence, observed higher wage rates for
married individuals relative to single persons.46 The last
variable in this vector (TSCORE) is used as a proxy measure
of unobservable individual ability. This attribute is

hypothesized to have a positive effect on the civilian wage.

Military wages do not exhibit as much variation as those in
the civilian sector at entry level positions. For most
intents and purposes, the entry level military wage for non-
prior-service (NPS) enlistees is exogeneous to the
individual's characteristics. The wage for this group is
relatively constant cross-sectionally and determined by the
Federal budgetary process. However, it is possible to
introduce some variation into this wage. The sample covers
three years. This allows the introduction of some variation
due to periodic cost of living increases (COLA) and real
wage increases. In addition, total military compensation
comprises Basic Military Compensation (BMC) and additional

47 The allowances consist of

allowances and incentive pays.
Basic Allowances for Quarters (BAQ), clothing and meal
allowances. Individuals with dependents are given

additional 1living allowances. Inclusion of these allowances




will give some additional variation in total compensation.
Special incentive pays will not, however, be included as
these pays are conditional upon occupational speciality and

location of duty assignment.

Given this exogeneous structure of military compensation,

the equation for total military compenstion is expressed as
(34) Yy, = RMC(1 + a*TDEPS).*®

RMC is the sum of BMC and other allowances. These
allowances are supplemented if the individual has
dependents. The effect of this supplementation is measured

by a*TDEPS, where TDEPS is the number of dependents.



TABLE 2-1: Summary of Coefficient Hypbtheses .
N\
Variable Equation \
College Military Yio Yio
(civilian (military
wage) wage)
MSTATUS - +/? +
RACE - + -
URBAN ? -
UNRATE ? +
TSCORE + +/? +
HEXP + +/?
EDDAD + -
EDMOM + -
EDSIB + -
TNFINC + -
COLCOST - +
PSIBSCH - +
COLPROG + -
REC ? +
NADV - +
LADV - +
ADDT ? +
Yio -/? +
Yy -/ -

10




TABLE 2-1 (Cont.)

Variable Equation
College Military Y:0o Yio

DADMIL -/ +

TFMAFS -/? +

MVEAP -/ +

TOTHRS +

TGPROG +

TVTPROG +

VOCPROG +

NWULYR -



6. Chapter Summary

In brief, the purpose of this chapter was to:

A.) Present a theoretical framework for the analysis of the
enlistment decision. The model presented was based on the

random utility model.

B.) Discuss the econometric issues relevent to the model
estimation. The results of this discussion are the choice
of a logit model specification, the use of the "Lee

Approach” for the correction of selectivity bias, and the
application of sample weights (Manski and Lerman) for the

correction of choice based sampling bias.

C.) Specify the empirical model equation. The variables
specified consist of economic and non—-economic attitudinal
attributes. A more detailed description of these variables
(and the data base in general) is presented in the following

chapter.



Endnotes

1.) In a technical sense, Thurstone did not develop a
theory of utility. Rather he developed a "Law of
Comparative Judgement” for the analysis of responses to
various stimuli in a psychological setting. An excellent
discussion of Thurstone's model and it's applications is

presented in Bock and Jones (1968).

2.) For examples of the application of this model see
Domencich and McFadden (1975) or Hausman and Wise (1978).
Additional example references are found in the survey

article of Amemiya (1981).

3.) This inequality relationship is assumed strict as the

for all k = j is zero, by

probability of U; = U,

definition.

4.) For example, a more disaggregate cholce set would
breakdown civilian employment by job type, military service
by branch and education by major field of study and/or type

of school (private vs public).

5.) The decision to exclude non-high school graduates from

the sample is based on the demand constraint complexities




that would otherwise result. This problem is discussed in

Ash, Udis and Mcknown (1983), pp 147,154 and Brown (1984),

PP 4.

6.) See Maddala (1983), pps. 275-278.

7.) 1deal is defined as having complete information on all

of the endogeneous variables.

8.) Santos (1981) and Kalton (1982) present a discussion on
various methods of imputing missing values. These methods,
however, are based on the assumption that the missing values
are the result of a random process. This is not the case

for the present analysis.

9.) A more detailed discussion of these models can be found
in the survey articles of Amemiya (1981) or McFadden
(1976). Chapters 4 and 5 of Domencich and McFadden (1975)

also provide a good discussion of these models.

10.) Pp. 1486.

11.) This problem can be seen upon examination of the
properties of the error term N;. In particular, E(Ny) =

(1-X;B)X;B + (-X3B)(1-X;B) = 0 and E (N;*) = (1-X;(B)X;B

12.) See Maddala (1983), pps. 15-16.



13.) A rather extensive discussion of the theory and

applications of the probit model is found in Daganzo (1980).

14.) The most commonly used procedures are the Newton-
Raphson and Method of Scoring. These procedures are
discussed in Amemiya (1981). There are alternative non-
maximum likelihood methods that yield estimates that are
close to the maximum likelihood estimates. See Maddala
(1983), chapter 2 and 3 for a discussion of these

alternative procedures.

15.) This is discussed in greater detail in McFadden

(1973).

16.) See Maddala (1983), Hauseman and Wise (1978) or

Domencich and McFadden (1975).

17.) See Pindyke and Rubinfeld (1981), pp. 294 or Hausman

and McFadden (1984).

18.) Heckman (1976, 1979). This procedure is discussed in

Maddala (1983) for a variety of sample bias problems.

19.) Pps. 63_650

20.) Also presented in Maddala (1983), pps. 275-277.



21.) See Domencich and McFadden (1975), pps.'70—71.
\

22.) For application examples see Heckman (1976, 19),.Le¥

(1978), or Maddala (1983).

23.) A presentation of this approach can also be found in

Maddala (1983), pps. 275-276.

24.) Slightly different correction procedures can be found

in Dubin and McFadden (1984) or Hay (1984).

25.) A computationally simple and accurate approximation of
this transformation is found in Bock and Jones (1968),

Appendix C.

26.) Also see Maddala (1983), pps. 272, 276 for a

discussion of this transformation.

27.) See The National Longitudinal Surveys Handbook (1983),
pps. 11-13, for a description of how the military and
civilian samples were drawn.

28.) Pps. 1985—19860

29.) Pp. 1981.

30.) For examples of the application of the WESML estimator



~see Daula, Fagan and Smith (1982) and Daula and Smith

(1984).

31.) See Table 1-1.

32.) See south over representation

33.,) This variable is discussed in more detail in Chapter
3. TFor background information on the AFQT see Maier and

Grafton (1980).

34.) For example see Willis and Rosen (1979), Kenny, Lee,

Maddala and Trost (1979) or King and Knapp (1978)

35.) This omission is discussed by Faris (1984).

36.) See GAO/FPCP-76-168 (1976).

37.) For an example of the appilcation of this procedure

see Daula, Fagan and Smith (1982).

38.) See Evans (uwdated).

39,) For a discussion of the VEAP and the GI Bill see

Fernandez (1980).

40.) See McFadden (1976).




41.) See Avery (1980).

42.) pPp 17.

43.) See Becker (1975), Mincer (1974) or Rosen (1977) for a

discussion of the theory of human capital.

44,) See Mincer (1974), Ashenfelter (19 ), Wise (1975) and
Medoff and Abraham (1980) for examples of empirical

estimations of the returns to human capital investment.

45,) 1Indirect discrimination refers to the effect of pre-
labor morket discrimination on earnings potential. For a

discussion of this see Welch (1967, 1973).
46.) This hypothesis is supported by the empirical findings
of Levy (1980), Harworth, Gwartney, and Harworth (1975) and

Gwartney and Long (1978).

47.) See GAO/NSIAD-84-41 (1984) for background information

on military compensation.

48.) This is the same specification used by Daula (1981).
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ABSTRACT

The U.S. Army Recruiting Command has recently begun a three-part research
study, designed to manage its limited resources effectively. One part, of
which this paper is a preliminary study of the Southwest Recruiting Region,
consists of identifying macroeconomic variables that may serve as leading
indicators of potential recruiting difficulties. The second part will identi-
fy internal institutional factors that may pinpoint potential problems. The
final part will be the creation of a decision support system that the Recruit-

ing Command may use to reallocate resources when necessary.




I. INTRODUCTION

In recent years the Army has been very successful in attracting high-
quality enlistees. There are many reasons for this, but economic factors
undoubtedly play a significant role. The Army has a vital interest in trying
to determine how long these favorable recruiting trends will continue,

This paper describes the early stages of a search for a series of leading
economic indicators that could alert the Army Recruiting Command to potential
recruiting difficulties, Although preliminary fesults of searching for a
leading indicator for the Northeast Region are available in Dale (1983), we
concentrate here on the Southwest Regionai Recruiting Region. The preliminary
results indicate that there is no single economic variable that can predict
recruiting success, but, as in other regions, unemployment rates and levels of

educational benefits appear to be significant factors.

II. THE THREE VOLUNTEER ARMIES
Three very different types of recruiting environments are shown in Charts
1 through 5, which are taken from Thurman (1982). During the first years of
the all-volunteer force (AVF), the Army had several factors in its favor, as
shown in Chart 1. The youth population and unemployment were increasing,
military wages were kept comparable with civilian wages, and the GI Bill was
still in effect. The Army had adequate recruiting resources, which it ob-

tained partly because of the uncertainty associated with the advent of the

AVF.

The situation changed in the period from 1976 to 1980. Although the
youth population continued to increase, economic factors began to turn against

the Army. Unemployment declined, military wages began to lag behind civilian



wages, the GI Bill was replaced by a contributory educational program, and
recruiting resources were cut. By 1979, the Army fell far short of its re-
cruiting mission.

The recruiting situation changed dramatically after 1980. Recruiters'
expectations became more realistic, due in part to recognition that the youth
cohort was beginning a long-term decline that would make recruiting more
difficult. At the same time, recruiting was helped markedly by the introduc-
tion of a variable housing allowance, by increasing unemployment, and more by
recruiting resources and educational incentives. Pay comparability was re-
stored with increases of 11 percent, 14 percent, and 4 percent in fiscal years
1980, 1981, and 1982, respectively.

Results for recruiting and retention for the three periods of the AVF are
shown on Chart 2. The difficulties of the middle period, 1976 to 1980, are
quite clear. ThereAwere not only problems with achieving the Army's recruit-
ing mission, but retention rates among those with 5 to 10 years of service
dropped sharply, and there was a marked decline in the number of enlistees who
scored in the upper half of the Armed Forces Qualification Test (AFQT). 1In
recent years, recruiting and retention have improved greatly.

It is difficult to determine the importance in the enlistment decision of
nonquantifiable factors, such as patriotism and the improving image of the
military. Nonetheless, an overall estimate of youths' propensity to enlist is
attempted by the Youth Attitude Tracking Study (YATS). Chart 3 shows that in
recent years youths are much more 1likely to consider enlisting, although
economic factors cannot be separated from other factors.

Economic and demographic factors that affect enlistments are shown on

Charts 4 and 5. It is uncertain what levels of aid will be available for



higher education, which competes with the Army for young males, and population
trends are clearly unfavorable. All the other factors shown (i.e., unemploy-
ment, unique Army education incentives, pay, and recruiting resources), nave
been very conducive to recruiting the last few years. The Army is very inter-
ested in how long these trends may continue.

III. RECRUITING IN THE SOUTHWEST —

THE SEARCH FOR A LEADING INDICATOR

The Southwest has typically\supplied the Army with only about 15 percent
of its male high school graduates (see Table 1). This section attempts to
identify whether the relative prosperiéy of this region may account for
this. We seek a leading economic indicator for recruiting problems in this
region.

The number of Army enlistments of male high school graduates for the
Southwest region is shown on Chart 6. Enlistees do not always enter the Army
immediately. They may sign a contract, and enter later under the delayed
entry program (DEP). The data in Chart 6 capture this phenomenon and show
when enlistees actually signed contracts. This is important from the point of
view of economic theory, since contract signing is supply-determined, by the
enlistee. Time of actual accession, on the other hand, may be demand-deter-
mined by the recruiters, who work on quarterly missions.

The surge to sign contracts before the December 1976 expiration of the GI
Bill shows clearly on Chart 6, followed by a steep drop. There was another
sharp drop in all regions in early 1978, and then a gradually improving
trend. We wish to identify leading indicators of this type of activity.

Unemployment rates for seven states in the region are shown in Charts 7

through 13. 1In light of the correlation between aggregate unemployment rates




and national enlistment rates described in the last section, it is surprising
that state unemployment rates are not better indicators of regional enlistment
rates,

The Southwest has been one of the most prosperous regions of the country,
because of its rich resource base and its high ranking among regions for
receipt of defense expenditures (see Dale, 1982; and Brock, 1982). As a
result, only very recently has this region begun to suffer relatively high
levels of unemployment.

Oil-rich Texas and Oklahoma began strong upturns in unemployment only in
about mid-1982. Colorado, Mississippi, and Missouri have had high but fairly
steady unemployment rates. Arkansas and Louisiana have recen;ly shown levels
at or above the national average.

Thus, while unemployment levels in the Southwest Region have recently
become high by historical standards, their past patterns do not give any clear
indication that they would have been useful for predicting Army recruiting
difficulties. This poor predictive performance is true also for other spec-
ialized indicators, such as the Federal Reserve Bank of Dallas' index of Texas
industrial production (see Tarpley, 1982).

At least two explanations for the dismal performénce of state unemploy-
ment rates as leading indicators are possible. First, other factors, such as
educational benefits, may have equal importance. Second, there is some ques-
tion about the accuracy of the state unemployment estimates (see Bureau of
Labor Statistics, 1980). Third, most state unemployment rates are not report-
ed at the same time as the national rate, so there is a built—in delay in

providing information on how good or bad job market prospects are.



If measurement is indeed a significant problem, then national indicators
may avoid some of them, because of offsetting errors in different regions.

The next section investigates this possibility.

IV. NATIONAL LEADING ECONOMIC INDICATORS

Table 1 shows that the share of male high school graduate enlistees as a
percentage of the national total has been approximately constant over the past
several years. Thus it is possible that a national indicator might be useful
for regional prediction. National economic indicators would also be useful,
simply because they are more readily obtainable than are state data.

There have been a number of studies that examined the relationship be-
tween economic variables and Army enlistments (see, for example, Dale and
Gilroy, 1983; Daula et al., 1982; Baldwin et al., 1982; and Kalinich and
Wenzel, 1982). None of them, however, attempted to concentrate on regional
recruiting.

Charts 14 through 20 show several of the well-known indicators of econ-
omic activity. The composite index of 12 leading indicators shows some drama-
tic movements, but they do not lead or correlate very well with recruiting
results. Similarly, the national unemployment rate has changed too gradually
to be useful. The long-term unemployment rate, 15 weeks or longer, has been
surprisingly and consistently low until very recently.

Initial claims for state unemployment insurance (Chart 17) may eventually
prove useful. Again there is only a loose relationship between this indicator
and enlistments, but a sudden sharp drop in unemployment claims could mean
that recruiting difficulties will follow. This indicator will be investigated

more closely in further studies of the Southwest and other regions.



Finally, the indexes of stock prices, housing starts, and industrial
production were tried, primarily for completeness. The industrial production
index is more of a coincident indicator than a leading indicator, and the
other two indexes are closely linked to financial factors, such as interest
rates. Thus, none of them appears particularly useful.

The author was prepared to attempt all sorts of sophisticated techniques
to determine the importance of different indicators, lag lengths, etc. It is
clear at this point, however, that such analyses would be premature. At least
for high school graduates, factors such as the availability of educational

incentives appear to be just as important as aggregate economic variables.

V. CONCLUSIONS
National unemployment rates have recently been a fairly reliable indica-
tor of success rates of Army recruiters, but regional unemployment rates have
been very erratic. If the economy of the Southwest continues to improve much
more rapidly than other parts of the country, then that region may become

difficult ground for Army recruiting.



TABLE 1

ARMY ENLISTMENTS OF MALE HIGH SCHOOL GRADUATES
RESULTS BY RECRUITING REGIONS
(Thousands of Contracts)

Fiscal Year

1977 1978 1979 1980 1981 1982
(9 months)
Northeast 26.9 19.5 14.7 14.7 15.5 14.7
21.7% 22.0% 21.6% 21.2% 21.0% 21.9%
Southeast 35.4 26.7 20.6 18.5 18.7 16.3
28.6% 30.2% 30.2% 26.6% 25.3% 24.3%
Southwest 17.5 13.3 10.4 10.6 10.5 8.8
14.2% 15.0% 15.3% 15.2% 14.2% 13.17%
Midwest 26.3 19.2 13.9 16.3 19.5 17.8
21.3% 21.7% 20.47% 23.5% 26.3% 26.7%
West 17.5 9.8 8.6 9.4 9.7 9.4
14.2% 11.1% 12.67% 13.5% 13.2% 14.17%
TOTAL 123.7 88.5 68.0 69.5 74.0 67.0
100% 100% 100% 100% 100% 100%

Notes:

Fiscal year 1977 results include the December 1976 bulge due to expiration of
the GI Bill.

The Southwest Recruiting Region includes District Recruiting Centers (DrCs) at
Dallas, Houston, and San Antonio, Texas; Oklahoma City, Oklahoma; New Orleans,
Louisiana; Albuquerque, New Mexico; Denver, Colorado; Jackson, Mississippi;
Kansas City, Missouri; and Little Rock, Arkansas.
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THOUSANDS OF CONTRACTS

CHART 6
ARMY ENLISTMENTS OF MALE HIGH SCHOOL GRADUATES - SOUTHWEST REGION
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CHART 13
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ABSTRACT

The U.S. Army Recruiting Command has recently begun a three-part research
study, designed to manage its limited resources effectively. One part, of which this
paper is a preliminary study, consists of identifying macroeconomic variables that may
serve as leading indicators of potential recruiting difficulties. The second part will
identify internal institutional factors that may pinpoint potential problems., The final
part will be the creation of a decision support system that the Recruiting Command may

use to reallocate resources when necessary.



. INTRODUCTION

In recent years the Army has been very successful in attracting high-quality enlist-
ees. There are many reasons for this, but economic factors undoubtedly play a signifi-
cant role. The Army has a vital interest in trying to determine how long these favorable
recruiting trends will continue,

This paper describes the early stages of a search for a series of leading economic
indicators that could alert the Army Recruiting Command to potential recruiting diffi-
culties, We concentrate on the Northeast Regional Recruiting Region. The preliminary
results indicate that there is no single economic variable that can predict recruiting
success, but unemployment rates and levels of educational benefits appear to be signifi-

cant factors.

Il. THE THREE VOLUNTEER ARMIES

Three very different types of recruiting environments are shown in Charts 1
through 5, which are taken from Thurman (1982). During the first years of the all-volun-
teer force (AVF), the Army had several factors in its favor, as shown in Chart 1. The
youth population and unemployment were increasing, military wages were kept compar-
able with civilian wages, and the Gl Bill was still in effect. The Army had adequate
recruiting resources, which it obtained partly because of the uncertainty associated with
the advent of the AVF.

The situation changed in the period from 1976 to 1980. Although the youth popula-
tion continued to increase, economic factors began to turn against the Army. Unem-
ployment declined, military wages began to lag behind civilian wages, the Gl Bill was
replaced by a contributory educational program, and recruiting resources were cut., By

1979, the Army fell far short of its recruiting mission.



The recruiting situation changed dramatically after 1980. Recruiters' expectations
became more realistic, due in part to recognition that the youth cohort was beginning a
long-term decline that would make recruiting more difficult. At the same time, recruit-
ing was helped markedly by the introduction of a variable housing allowance, by increas-
ing unemployment, and more by recruiting resources and educationa! incentives. Pay
comparability was restored with increases of 11 percent, 14 percent, and 4 percent in
fiscal years 1980, 1981, and 1982, respectively.

Results for recruiting and retention for the three periods of the AVF are shoan on

Chart 2. The difficulties of the middle period, 1976 to 1980, are quite clear. There wnere

not only problems with achieving the Army's recruiting mission, but retention rates
among those with 5 to 10 years of service dropped sharply, and there aas a marked
decline in the number of enlistees who scored in the upper half of the Armed Forces
Qualification Test (AFQT). In recent years, recruiting and retention have improved
greatly,

It is difficult to determine the importance in the enlistment decision of nonquanti-
fiable factors, such as patriotism and the improving image of the military. Nonetheless,
an overall estimate of youths' propensity to enlist is attempted by the Youth Attitude
Tracking Study (YATS). Chart 3 shows that in recent years youths are much more likely
to consider enlisting, although economic factors cannot be separated from other factors.

Economic and demographic factors that affect enlistments are shown on Charts 4
and 5. It is uncertain ahat levels of aid will be available for higher education, which
competes with the Army for young males, and population trends are clearly unfavor-
able. All the other factors shown (i.e., unemployment, education incentives, pay, and

recruiting resources), have been very favorable for the last few years. The Army is very

interested in how long these favorable trends may continue,



il, RECRUITING IN THE NORTHEAST —
THE SEARCH FOR A LEADING INDICATOR

The Northeast has typically supplied the Army with a significant percentage of its
male high school graduates (see Table 1). This section describes our early attempts to
identify a leading indicator for recruiting problems in this region.

The number of Army enlistments of male high schoo! graduates for the Northeast
region is shown on Chart 6, Enlistees do not always enter the Army immediately, They
may sign a contract, and enter later under the delayed entry program (DEP). The data in
Chart 6 captures this phenomenon and show when enlistees actually signed contracts.
This is important from the point of viea of economic theory, since contract signing is
supply-determined, by the enlistee. Time of aétual accession, on the other hand, may be
demand-determined by the recruiters, who work on quarterly missions.

The surge to sign contracts before the December 1976 expiration of the Gl Bill
shows clearly on Chart 6, folloned by a steep drop. There was another sharp drop in
early 1978, and then a gradually improving trend. We wish to identify leading indicators
of this type of activity.

Unemployment rates for seven states in the region are shown in Charts 7 through
13. In light of the correlation between aggregate unemployment rates and national
enlistment rates described in the last section, it is surprising that state unemployment
rates are not better indicators of regional enlistment rates.

Despite conventional wisdom that characterizes the Northeast as a declining region
that is rapidly losing jobs, capital, and people to the South and West, most states in the
region have fared relatively well. Massachusetts and Nes Hampshire have only recently
showed steep rises in unemployment. New York, Connecticut, Maryland, and New Jersey

have held remarkably steady. Only Pennsylvania, with its heavy dependence on smoke-

stack industries, has had unemployment that is consistently worse than the national



average. Even in the case of Pennsylvania, there have been no sudden sharp changes that
might have been a useful indicator to the Army Recruiting Command.

At least two explanations for the dismal performance of state unemployment rates
as leading indicators are possible. First, other factors, such as educational benefits, may
have equal importance. Second, there is some question about the accuracy of the state
unemployment estimates (see Bureau of Labor Statistics, 1980). Third, most state unem-
ployment rates are not reported at the same time as the national rate, so there is a built-
in delay in providing information on how good or bad job market prospects are.

If measurement is indeed a significant problem, then national indicators may avoid
some of them, because of offsetting errors in different regions. The next section inves-

tigates this possibility.

IV. NATIONAL LEADING ECONOMIC INDICATORS

Table 1 shoas that the share of male high school graduate enlistees as a percentage
of the national total has been approximately constant over the past several years. Thus
it is possible that a national indicator might be useful for regional prediction. National
economic indicators would also be useful, simply because they are more readily obtain-
able than are state data.

There have been a number of studies that examined the relationship between econ-
